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ANTI-IL-6 RECEPTOR ANTIBODY 

Technical Field 

5 The present invention relates to pharmaceutical compositions comprising an anti-IL-6 

receptor antibody as an active ingredient, methods for producing the compositions, and such. 

Background Art 

Antibodies are drawing attention as pharmaceuticals as they are highly stable in plasma 
10 (blood) and have few adverse effects. Of them, a number of IgG-type antibody 

pharmaceuticals are available on the market and many antibody pharmaceuticals are currently 
under development (Non-patent Documents 1 and 2). 

IL-6 is a cytokine involved in various autoimmune diseases (Non-patent Document 3). 
It is thought that TOCILIZUMAB, a humanized anti-IL-6 receptor IgGl antibody, can be useful 
15 as a therapeutic agent for IL-6-associated diseases such as rheumatoid arthritis, since it 

specifically binds to the IL-6 receptor and thereby neutralizes its biological activity (Patent 
Documents 1 to 3 and Non-patent Document 4). In fact, TOCILIZUMAB has been approved 
as a therapeutic agent for Castleman's disease in Japan (Non-patent Document 5). 

Various technologies applicable to second-generation antibody pharmaceuticals have 
20 been developed, including those that enhance effector function, antigen-binding activity, 
retention in plasma (blood), or stability, and those that reduce the risk of immunogenicity 
(antigenicity). 

For methods of enhancing drug efficacy or reducing dosage, technologies that enhance 
antibody-dependent cell-mediated cytotoxicity (ADCC) or complement-dependent cytotoxicity 

25 (CDC) through amino acid substitution in the Fc domain of an IgG antibody have been reported 
(Non-patent Document 6). Furthermore, affinity maturation has been reported as a technology 
for enhancing antigen-binding activity or antigen-neutralizing activity (Non-patent Document 7). 
This technology enables enhancement of antigen-binding activity through introduction of amino 
acid mutations into the CDR region of a variable region or such. The enhancement of 

30 antigen-binding activity enables to improve in vitro biological activity or reduce dosage, and 
further to improve in vivo efficacy (Non-patent Document 8). Currently, clinical trials are 
being conducted to assess Motavizumab (produced by affinity maturation), which is expected to 
have a superior effect than Palivizumab (a first generation pharmaceutical of anti-RSV antibody) 
(Non-patent Document 9). Alternatively, a more superior effect can be produced by binding to 

35 a different epitope. For example, it has been reported that Oftamumab which recognizes an 
epitope different from that recognized by Rituximab (an anti-CD20 antibody) shows a more 
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superior effect in vivo than Rituximab. Currently, clinical trials are being conducted to assess 
Oftamumab (Non-patent Document 10). There is no previous report describing a human, 
humanized, or chimeric anti-IL-6 receptor antibody having an affinity greater than 1 nM. 

A problem encountered with current antibody pharmaceuticals is high production cost 
5 associated with the administration of extremely large quantities of protein. For example, the 
dosage of TOCILIZUMAB, a humanized anti-IL-6 receptor IgGl antibody, has been estimated 
to be about 8 mg/kg/month by intravenous injection (Non-patent Document 4). Its preferred 
form of administration is thought to be subcutaneous formulation in chronic autoimmune 
diseases. In general, it is necessary that subcutaneous formulations are high concentration 

10 formulations. From the perspective of stability or such, the concentration limit for IgG-type 
antibody formulations is in general thought to be about 100 mg/ml (Non-patent Document 11). 
Low-cost, convenient second-generation antibody pharmaceuticals that can be administered 
subcutaneously in longer intervals can be provided by increasing the half-life of an antibody in 
the plasma to prolong its therapeutic effect and thereby reduce the amount of protein 

15 administered, and by conferring the antibody with high stability so that high concentration 
formulations can be prepared. 

A possible method for improving antibody half-life in the plasma has been reported, and 
it artificially substitutes amino acids in the constant region (Non-patent Documents 12 and 13). 
However, introduction of non-natural sequences into the constant region is not preferred from 

20 the perspective of immunogenicity risk. Although it is preferable to introduce amino acid 

substitutions into the variable region rather than to the constant region from the perspective of 
immunogenicity, there is no report on improvement of antibody half-life in the plasma by 
substituting amino acids in the variable region, or improvement of the half-life of a human, 
humanized, or chimeric IL-6 receptor antibody in the plasma. 

25 Methods for improving stability have been reported, and these include amino acid 

substitution or shuffling in the framework of the variable region to improve physicochemical 
stability (intermediate temperature of thermal denaturation) (Non-patent Documents 14 and 15). 
However, there is no previous report suggesting that such amino acid substitution improves the 
stability (suppresses the aggregation) in formulations that have a concentration higher than 100 

30 mg/ml. There is also no previous report on stable human or humanized IL-6 receptor antibody 
molecules in formulations of higher-than-100 mg/ml concentrations. 

Another important problem encountered in developing biopharmaceuticals is 
immunogenicity. In general, the immunogenicity of mouse antibodies is reduced by antibody 
humanization. It is assumed that immunogenicity risk can be further reduced by using a 

35 germline framework sequence as a template in antibody humanization (Non-patent Document 
16). However, even Adalimumab, a fully human anti-TNF antibody, showed high-frequency 
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(13% to 17%) immunogenicity, and the therapeutic effect was found to be reduced in patients 
who showed immunogenicity (Non-patent Documents 17 and 18). T-cell epitopes may be 
present even in the CDR regions of human antibodies, and these T-cell epitopes in CDR are a 
possible cause of immunogenicity. In silico and in vivo methods for predicting T-cell epitopes 
5 have been reported (Non-patent Documents 19 and 20). It is assumed that immunogenicity risk 
can be reduced by removing T-cell epitopes predicted using such methods (Non-patent 
Document 21). TOCILIZUMAB is a humanized anti-IL-6 receptor IgGl antibody obtained by 
humanizing a mouse PM-1 antibody. The antibody is yielded by CDR grafting using human 
NEW and REI framework sequences as template for H and L chains, respectively; however, a 

1 0 five-amino acid mouse sequence is retained in the antibody as framework and it is essential for 
retaining the antibody activity (Non-patent Document 22). There is no previous report on the 
substitution of a human sequence for the mouse sequence that remains in the framework of the 
humanized antibody TOCILIZUMAB, without loss of the activity. Furthermore, the CDR 
sequence of TOCILIZUMAB is a mouse sequence. Thus, there is a possibility that, like 

15 Adalimumab, TOCILIZUMAB contains T-cell epitopes in its CDR region, and may have a 

potential immunogenicity risk. Furthermore, TOCILIZUMAB belongs to the IgGl subclass, 
and therefore can bind to Fey receptor. Since Fey receptor is expressed in antigen-presenting 
cells, molecules that bind to Fey receptor tend to be presented as antigens. It has been reported 
that immunogenicity is and can be enhanced by linking a protein or peptide to the Fc domain of 

20 IgGl (Non-patent Document 23 and Patent Document 4). In clinical trials of TOCILIZUMAB, 
antibodies against TOCILIZUMAB were not detected when TOCILIZUMAB was used at an 
effective dose (8 mg/kg). However, immunogenicity was observed at the doses of 2 and 4 
mg/kg (Patent Document 5). This suggests that the immunogenicity of the humanized anti-IL-6 
receptor IgGl antibody TOCILIZUMAB can be reduced. However, there has been no report 

25 on reducing the immunogenicity risk of TOCILIZUMAB (a humanized PM-1 antibody) by 
amino acid substitution. 

In recent years, the safety of antibody pharmaceuticals has become of great importance. 
Interaction between the antibody Fc domain and Fey receptor is assumed to be a cause of serious 
adverse effect encountered in phase-I clinical trials of TGN1412 (Non-patent Document 24). In 

30 antibody pharmaceuticals aimed at neutralizing the biological activity of an antigen, binding of 
the Fc domain to Fey receptor, which is important for the effector function such as ADCC, is 
unnecessary. In addition, as described above, the binding to Fey receptor may be unfavorable 
from the perspective of immunogenicity and adverse effects. 

A method for impairing the binding to Fey receptor is to alter the isotype of the IgG 

35 antibody from IgGl to IgG2 or IgG4; however, this method cannot completely inhibit the 

binding (Non-patent Document 25). One of the methods reported for completely inhibiting the 
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binding to Fey receptor is to artificially alter the Fc domain. For example, the effector functions 
of anti-CD3 antibodies and anti-CD4 antibodies cause adverse effects. Thus, amino acids that 
are not present in the wild type sequence were introduced into the Fey receptor-binding domain 
of Fc (Non-patent Documents 26 and 27), and clinical trials are currently being conducted to 
5 assess anti-CD3 antibodies that do not bind to Fey receptor and anti-CD4 antibodies that have a 
mutated Fc domain (Non-patent Documents 24 and 28). Alternatively, Fey 
receptor-nonbinding antibodies can be prepared by altering the FcyR-binding domain of IgGl (at 
positions 233, 234, 235, 236, 327, 330, and 331 in the EU numbering system) to an IgG2 or 
IgG4 sequence (Non-patent Document 29 and Patent Document 6). However, these molecules 

1 0 contain novel non-natural peptide sequences of nine to twelve amino acids, which may constitute 
a T-cell epitope peptide and thus pose immunogenicity risk. There is no previous report on Fey 
receptor-nonbinding antibodies that have overcome these problems. 

Meanwhile, physicochemical properties of antibody proteins, in particular, homogeneity 
and stability, are very crucial in the development of antibody pharmaceuticals. For the IgG2 

15 isotype, significant heterogeneity derived from disulfide bonds in the hinge region has been 

reported (Non-patent Document 30). It is not easy to manufacture them as a pharmaceutical in 
large-scale while maintaining the objective substances/related substances related heterogeneity 
derived from disulfide bonds between productions. Thus, single substances are desirable as 
much as possible for antibody molecules developed as pharmaceuticals. 

20 IgG2 and IgG4 are unstable under acidic conditions. IgG type antibodies are in 

general exposed to acidic conditions in the purification process using Protein A and the virus 
inactivation process. Thus, there is a possibility that IgG2 and IgG4 undergo denaturation and 
aggregation during these processes. It is thus preferred that antibody molecules developed as 
pharmaceuticals are also stable under acidic conditions. Natural IgG2 and IgG4, and Fey 

25 receptor-nonbinding antibodies derived from IgG2 or IgG4 (Non-patent Documents 25 and 26 
and Patent Document 6) have such problems. It is desirable to solve these problems when 
developing antibodies into pharmaceuticals. 

IgGl -type antibodies are relatively stable under acidic conditions, and the degree of 
heterogeneity originated from disulfide bonds in the hinge region is also lower in this type of 

30 antibodies. However, IgGl -type antibodies are reported to undergo non-enzymatic peptide 
bond cleavage in the hinge region in solutions when they are stored as formulations, and Fab 
fragments are generated as impurities as a result (Non-patent Document 31). It is desirable to 
overcome the generation of impurity when developing antibodies into pharmaceuticals. 

Furthermore, for heterogeneity of the C-terminal sequences of an antibody, deletion of 

35 C-terminal amino acid lysine residue, and amidation of the C-terminal amino group due to 
deletion of both of the two C-terminal amino acids, glycine and lysine, have been reported 
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(Non-patent Document 32). It is preferable to eliminate such heterogeneity when developing 
antibodies into pharmaceuticals. 

The constant region of an antibody pharmaceutical aimed for neutralizing an antigen 
preferably has a sequence that overcomes all the problems described above. However, a 
5 constant region that meets all the requirements has not been reported. 

There is no previous report on the development of second-generation molecules that 
exhibit an improved antigen-neutralizing activity and produce a prolonged therapeutic effect 
even when the frequency of administration is reduced, and which have reduced immunogenicity 
and improved safety and physicochemical properties, as compared to first- generation molecules. 
10 There is also no report on second-generation TOCILIZUMAB, which has more superiority in 
terms of the requirements described above by altering amino acid sequences of the variable and 
constant regions of the humanized anti-IL-6 receptor IgGl antibody TOCILIZUMAB. 

Documents of related prior arts for the present invention are described below. 
[Non-patent Document 1] Janice M Reichert, Clark J Rosensweig, Laura B Faden & Matthew C 
15 Dewitz. Monoclonal antibody successes in the clinic. Nature Biotechnology (2005) 23, 
1073-1078 

[Non-patent Document 2] Pavlou AK, Belsey MJ. The therapeutic antibodies market to 2008. 
Eur. J. Pharm. Biopharm. 2005 Apr;59(3):389-96 

[Non-patent Document 3] Nishimoto N, Kishimoto T. Interleukin 6: from bench to bedside. Nat. 

20 Clin. Pract. Rheumatol. 2006 Nov;2(l l):619-26 

[Non-patent Document 4] Maini RN, Taylor PC, Szechinski J, Pavelka K, Broil J, Balint G, 
Emery P, Raemen F, Petersen J, Smolen J, Thomson D, Kishimoto T, CHARISMA Study Group. 
Double-blind randomized controlled clinical trial of the interleukin-6 receptor antagonist, 
Tocilizumab, in European patients with rheumatoid arthritis who had an incomplete response to 

25 methotrexate. Arthritis Rheum. 2006 Sep;54(9):28 17-29 

[Non-patent Document 5] Nishimoto N, Kanakura Y, Aozasa K, Johkoh T, Nakamura M, 
Nakano S, Nakano N, Ikeda Y, Sasaki T, Nishioka K, Hara M, Taguchi H, Kimura Y, Kato Y, 
Asaoku H, Kumagai S, Kodama F, Nakahara H, Hagihara K, Yoshizaki K, Kishimoto T. 
Humanized anti-interleukin-6 receptor antibody treatment of multicentric Castleman disease. 

30 Blood 2005 Oct 15;106(8):2627-32 

[Non-patent Document 6] Kim SJ, Park Y, Hong HJ. Antibody engineering for the development 
of therapeutic antibodies. Mol. Cells 2005 Aug 31;20(l):17-29 Review 
[Non-patent Document 7] Rothe A, Hosse RJ, Power BE. Ribosome display for improved 
biotherapeutic molecules. Expert. Opin. Biol. Ther. 2006 Feb;6(2): 177-87 

35 [Non-patent Document 8] Rajpal A, Beyaz N, Haber L, Cappuccilli G, Yee H, Bhatt RR, 
Takeuchi T, Lerner RA, Crea R. A general method for greatly improving the affinity of 
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antibodies by using combinatorial libraries. Proc. Natl. Acad. Sci. USA. 2005 Jun 
14;102(24):8466-71. Epub. 2005 Jun 6 

[Non-patent Document 9] Wu H, Pfarr DS, Johnson S, Brewah YA, Woods RM, Patel NK, 
White WI, Young JF, Kiener PA. Development of Motavizumab, an Ultra-potent Antibody for 
5 the Prevention of Respiratory Syncytial Virus Infection in the Upper and Lower Respiratory 
Tract. J. Mol. Biol. (2007) 368, 652-665 

[Non-patent Document 10] Teeling JL, Mackus WJ, Wiegman LJ, van den Brakel JH, Beers SA, 
French RR, van Meerten T, Ebeling S, Vink T, Slootstra JW, Parren PW, Glennie MJ, van de 
Winkel JG. The biological activity of human CD20 monoclonal antibodies is linked to unique 

10 epitopes on CD20. J. Immunol. 2006 Jul 1;177(1):362-71 

[Non-patent Document 11] Shire SJ, Shahrokh Z, Liu J. Challenges in the development of high 
protein concentration formulations. J. Pharm. Sci. 2004 Jun;93(6): 1390-402 
[Non-patent Document 12] Hinton PR, Xiong JM, Johlfs MG, Tang MT, Keller S, Tsurushita N. 
An engineered human IgGl antibody with longer serum half- life. J. Immunol. 2006 Jan 

15 l;176(l):346-56 

[Non-patent Document 13] Ghetie V, Popov S, Borvak J, Radu C, Matesoi D, Medesan C, Ober 
RJ, Ward ES. Increasing the serum persistence of an IgG fragment by random mutagenesis. Nat. 
Biotechnol. 1997 Jul;15(7):637-40 

[Non-patent Document 14] Ewert S, Honegger A, Pluckthun A. Stability improvement of 
20 antibodies for extracellular and intracellular applications: CDR grafting to stable frameworks and 
structure -based framework engineering. Methods. 2004 Oct;34(2): 184-99 Review 
[Non-patent Document 15] Damschroder MM, Widjaja L, Gill PS, Krasnoperov V, Jiang W, 
DalPAcqua WF, Wu H. Framework shuffling of antibodies to reduce immunogenicity and 
manipulate functional and biophysical properties. Mol. Immunol. 2007 Apr;44(l l):3049-60 
25 [Non-patent Document 16] Hwang WY, Almagro JC, Buss TN, Tan P, Foote J. Use of human 
germline genes in a CDR homology-based approach to antibody humanization. Methods. 2005 
May;36(l):35-42 

[Non-patent Document 17] Bartelds GM, Wijbrandts CA, Nurmohamed MT, Stapel S, Lems WF, 
Aarden L, Dijkmans BA, Tak P, Wolbink GJ. Clinical response to adalimumab: The relationship 
30 with anti-adalimumab antibodies and serum adalimumab concentrations in rheumatoid arthritis. 
Ann. Rheum. Dis. Jul;66(7):921-6 Epub 2007 Feb 14 

[Non-patent Document 18] Bender NK, Heilig CE, Droll B, Wohlgemuth J, Armbruster FP, 
Heilig B. Immunogenicity, efficacy and adverse events of adalimumab in RA patients. 
Rheumatol. Int. 2007 Jan;27(3):269-74 
35 [Non-patent Document 19] Van Walle I, Gansemans Y, Parren PW, Stas P, Lasters I. 
Immunogenicity screening in protein drug development. Expert Opin. Biol. Ther. 2007 
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Mar;7(3):405-18 

[Non-patent Document 20] Jones TD, Phillips WJ, Smith BJ, Bamford CA, Nayee PD, Baglin 
TP, Gaston JS, Baker MP. Identification and removal of a promiscuous CD4+ T cell epitope 
from the CI domain of factor VIII. J. Thromb. Haemost. 2005 May;3(5):991-1000 
5 [Non-patent Document 21] Chirino AJ, Ary ML, Marshall SA. Minimizing the immunogenicity 
of protein therapeutics. Drug Discov. Today 2004 Jan 15;9(2):82-90 

[Non-patent Document 22] Sato K, Tsuchiya M, Saldanha J, Koishihara Y, Ohsugi Y, Kishimoto 
T, Bendig MM. Reshaping a human antibody to inhibit the interleukin 6-dependent tumor cell 
growth. Cancer Res. 1993 Feb 15;53(4):851-6 
10 [Non-patent Document 23] Guyre PM, Graziano RF, Goldstein J, Wallace PK, Morganelli PM, 
Wardwell K, Howell AL. Increased potency of Fc-receptor-targeted antigens. Cancer Immunol. 
Immunother. 1997 Nov-Dec;45(3-4): 146-8 

[Non-patent Document 24] Strand V, Kimberly R, Isaacs JD. Biologic therapies in 
rheumatology: lessons learned, future directions. Nat. Rev. Drug Discov. 2007 Jan;6(l):75-92 
15 [Non-patent Document 25] Gessner JE, Heiken H, Tamm A, Schmidt RE. The IgG Fc receptor 
family. Ann. Hematol. 1998 Jun;76(6):231-48 

[Non-patent Document 26] Cole MS, Anasetti C, Tso JY. Human IgG2 variants of chimeric 

anti-CD3 are nonmitogenic to T cells. J. Immunol. 1997 Oct 1;159(7):3613-21 

[Non-patent Document 27] Reddy MP, Kinney CA, Chaikin MA, Payne A, Fishman-Lobell J, 

20 Tsui P, Dal Monte PR, Doyle ML, Brigham-Burke MR, Anderson D, Reff M, Newman R, 

Hanna N, Sweet RW, Truneh A. Elimination of Fc receptor-dependent effector functions of a 
modified IgG4 monoclonal antibody to human CD4. J. Immunol. 2000 Feb 15;164(4): 1925-33 
[Non-patent Document 28] Chau LA, Tso JY, Melrose J, Madrenas J. HuM291(Nuvion), a 
humanized Fc receptor-nonbinding antibody against CD3, anergizes peripheral blood T cells as 

25 partial agonist of the T cell receptor. Transplantation 2001 Apr 1 5 ;7 1(7): 94 1-50 

[Non-patent Document 29] Armour KL, Clark MR, Hadley AG, Williamson LM. Recombinant 
human IgG molecules lacking Fcgamma receptor I binding and monocyte triggering activities. 
Eur. J. Immunol. 1999 Aug;29(8):26 13-24 

[Non-patent Document 30] Chu GC, Chelius D, Xiao G, Khor HK, Coulibaly S, Bondarenko PV. 
30 Accumulation of Succinimide in a Recombinant Monoclonal Antibody in Mildly Acidic Buffers 
Under Elevated Temperatures. Pharm. Res. 2007 Mar 24;24(6):1 145-56 

[Non-patent Document 31] AJ Cordoba, BJ Shyong, D Breen, RJ Harris. Nonenzymatic hinge 
region fragmentation of antibodies in solution. J. Chromatogr. B. Anal. Technol. Biomed. Life 
Sci. (2005) 818, 115-121 

35 [Non-patent Document 32] Johnson KA, Paisley-Flango K, Tangarone BS, Porter TJ, Rouse JC. 
Cation exchange-HPLC and mass spectrometry reveal C-terminal amidation of an IgGl heavy 
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chain. Anal. Biochem. 2007 Jan l;360(l):75-83 
[Patent Document 1] WO 92/19759 
[Patent Document 2] WO 96/1 1020 
[Patent Document 3] WO 96/12503 
5 [Patent Document 4] US 20050261229A1 
[Patent Document 5] WO 2004096273 (Al) 
[Patent Document 6] WO 99/58572 

Disclosure of the Invention 

10 [Problems to be Solved by the Invention] 

The present invention was achieved in view of the above circumstances. An objective 
of the present invention is to provide pharmaceutical compositions that comprise 
second-generation molecules, which are more superior than the humanized anti-IL-6 receptor 
IgGl antibody TOCILIZUMAB, and methods for producing such pharmaceutical compositions. 

15 The second-generation molecules have been improved to exhibit enhanced antigen-neutralizing 
activity and pharmacokinetics (retention in plasma), and thus produce a prolonged therapeutic 
effect even when the frequency of administration is reduced; and they have also been improved 
to have reduced immunogenicity and improved safety and physicochemical properties, by 
altering amino acid sequences of the variable and constant regions of TOCILIZUMAB. 

20 

[Means for Solving the Problems] 

The present inventors conducted dedicated studies to generate second-generation 
molecules that are more superior than the first-generation humanized anti-IL-6 receptor IgGl 
antibody TOCILIZUMAB, and have been improved to exhibit enhanced drug efficacy and 

25 pharmacokinetics, and thus produce a prolonged therapeutic effect even when the frequency of 
administration is reduced. They have also been improved to have reduced immunogenicity and 
improved safety and physicochemical properties (stability and homogeneity), by altering amino 
acid sequences of the variable and constant regions of TOCILIZUMAB. As a result, the 
present inventors discovered multiple CDR mutations in the variable regions of TOCILIZUMAB 

30 that enable to improve the antigen-binding activity (affinity). The present inventors thus 

successfully improved the affinity significantly using a combination of such mutations. The 
present inventors also successfully improved pharmacokinetics by altering the variable region 
sequence to lower the isoelectric point of an antibody. Furthermore, the present inventors 
successfully reduced immunogenicity risk by removing some of the in szY/co-predicted T-cell 

35 epitope peptides in the variable regions and the mouse sequences that remain in the framework 
of TOCILIZUMAB. In addition, the present inventors successfully increased the stability at 
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higher concentrations. Furthermore, the present inventors also successfully discovered novel 
constant region sequences that do not bind to Fey receptor and that improve the stability under 
acidic conditions, heterogeneity originated from disulfide bonds in the hinge region, 
heterogeneity originated from the H-chain C terminus, and stability in high concentration 
5 formulations, while minimizing the generation of new T-cell epitope peptides in the constant 
region of TOCILIZUMAB. The present inventors successfully discovered second-generation 
molecules that are more superior to TOCILIZUMAB by combining amino acid sequence 
alterations in the CDR, variable, and constant regions. 

The present invention relates to pharmaceutical compositions comprising a humanized 

10 anti-IL-6 receptor IgGl antibody that has been improved to exhibit more superior antigen (IL-6 
receptor)-binding activity, more prolonged retention in plasma, more excellent safety and 
physicochemical properties (stability and homogeneity), and further reduced immunogenicity 
risk, by altering the amino acid sequences of variable and constant regions of the humanized 
anti-IL-6 receptor IgGl antibody TOCILIZUMAB; and methods for producing such 

15 pharmaceutical compositions. More specifically, the present invention provides: 
[1] an anti-IL-6 receptor antibody of any one of: 

(a) an antibody that comprises a heavy chain variable region comprising CDR1 in which Ser at 
position 1 in the amino acid sequence of SEQ ID NO: 1 has been substituted with another amino 
acid; 

20 (b) an antibody that comprises a heavy chain variable region comprising CDR1 in which Trp at 
position 5 in the amino acid sequence of SEQ ID NO: 1 has been substituted with another amino 
acid; 

(c) an antibody that comprises a heavy chain variable region comprising CDR2 in which Tyr at 
position 1 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino 

25 acid; 

(d) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at 
position 8 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino 
acid; 

(e) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at 
30 position 9 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino 

acid; 

(f) an antibody that comprises a heavy chain variable region comprising CDR3 in which Ser at 
position 1 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino 
acid; 

35 (g) an antibody that comprises a heavy chain variable region comprising CDR3 in which Leu at 
position 2 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino 
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acid; 

(h) an antibody that comprises a heavy chain variable region comprising CDR3 in which Thr at 
position 5 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino 

acid; 

5 (i) an antibody that comprises a heavy chain variable region comprising CDR3 in which Ala at 
position 7 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino 
acid; 

(j) an antibody that comprises a heavy chain variable region comprising CDR3 in which Met at 
position 8 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino 
1 0 acid; 

(k) an antibody that comprises a heavy chain variable region comprising CDR3 in which Ser at 
position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 have been 
substituted with other amino acids; 

(1) an antibody that comprises a heavy chain variable region comprising CDR3 in which Leu at 
15 position 2, Ala at position 7, and Met at position 8 in the amino acid sequence of SEQ ID NO: 3 
have been substituted with other amino acids; 

(m) an antibody that comprises a light chain variable region comprising CDR1 in which Arg at 
position 1 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
acid; 

20 (n) an antibody that comprises a light chain variable region comprising CDR1 in which Gin at 

position 4 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
acid; 

(o) an antibody that comprises a light chain variable region comprising CDR1 in which Tyr at 
position 9 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
25 acid; 

(p) an antibody that comprises a light chain variable region comprising CDR1 in which Asn at 
position 1 1 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another 
amino acid; 

(q) an antibody that comprises a light chain variable region comprising CDR2 in which Thr at 
30 position 2 in the amino acid sequence of SEQ ID NO: 5 has been substituted with another amino 
acid; 

(r) an antibody that comprises a light chain variable region comprising CDR3 in which Gin at 
position 1 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino 
acid; 

35 (s) an antibody that comprises a light chain variable region comprising CDR3 in which Gly at 

position 3 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino 
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acid; 

(t) an antibody that comprises a light chain variable region comprising CDR1 in which Tyr at 
position 9 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
acid, and CDR3 in which Gly at position 3 in the amino acid sequence of SEQ ID NO: 6 has 
5 been substituted with another amino acid; 

(u) an antibody that comprises a light chain variable region comprising CDR3 in which Thr at 
position 5 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino 
acid; 

(v) an antibody that comprises a light chain variable region comprising CDR3 in which Gin at 
10 position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 have been 
substituted with other amino acids; 

(w) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at 
position 9 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino 
acid, and CDR3 in which Ser at position 1 and Thr at position 5 in the amino acid sequence of 
15 SEQ ID NO: 3 have been substituted with other amino acids; 

(x) an antibody that comprises the heavy chain variable region of (k) and the light chain variable 
region of (v); and 

(y) the antibody of (x) that further comprises the CDR2 of (e); 

[2] an anti-IL-6 receptor antibody that comprises a light chain variable region comprising CDR2 
20 in which Thr at position 2 in the amino acid sequence of SEQ ID NO: 5 has been substituted 
with another amino acid; 

[3] an anti-IL-6 receptor antibody of any one of: 

(a) an antibody that comprises a heavy chain variable region comprising FR1 in which Arg at 
position 13 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another 

25 amino acid; 

(b) an antibody that comprises a heavy chain variable region comprising FR1 in which Gin at 
position 16 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another 
amino acid; 

(c) an antibody that comprises a heavy chain variable region comprising FR1 in which Thr at 
30 position 23 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another 

amino acid; 

(d) an antibody that comprises a heavy chain variable region comprising FR1 in which Thr at 
position 30 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another 
amino acid; 

35 (e) an antibody that comprises a heavy chain variable region comprising FR1 in which Arg at 
position 13, Gin at position 16, Thr at position 23, and Thr at position 30 in the amino acid 
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sequence of SEQ ID NO: 7 have been substituted with other amino acids; 

(f) an antibody that comprises a heavy chain variable region comprising FR2 in which Arg at 

position 8 in the amino acid sequence of SEQ ID NO: 8 has been substituted with another amino 

acid; 

5 (g) an antibody that comprises a heavy chain variable region comprising FR3 in which Met at 
position 4 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another amino 
acid; 

(h) an antibody that comprises a heavy chain variable region comprising FR3 in which Leu at 
position 5 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another amino 

1 0 acid; 

(i) an antibody that comprises a heavy chain variable region comprising FR3 in which Arg at 
position 16 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another 
amino acid; 

(j) an antibody that comprises a heavy chain variable region comprising FR3 in which Val at 
15 position 27 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another 
amino acid; 

(k) an antibody that comprises a heavy chain variable region comprising FR3 in which Met at 
position 4, Leu at position 5, Arg at position 16, and Val at position 27 in the amino acid 
sequence of SEQ ID NO: 9 have been substituted with other amino acids; 
20 (1) an antibody that comprises a heavy chain variable region comprising FR4 in which Gin at 
position 3 in the amino acid sequence of SEQ ID NO: 10 has been substituted with another 
amino acid; 

(m) an antibody that comprises a light chain variable region comprising FR1 in which Arg at 
position 18 in the amino acid sequence of SEQ ID NO: 1 1 has been substituted with another 
25 amino acid; 

(n) an antibody that comprises a light chain variable region comprising FR2 in which Lys at 
position 1 1 in the amino acid sequence of SEQ ID NO: 12 has been substituted with another 
amino acid; 

(o) an antibody that comprises a light chain variable region comprising FR3 in which Gin at 
30 position 23 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another 
amino acid; 

(p) an antibody that comprises a light chain variable region comprising FR3 in which Pro at 
position 24 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another 
amino acid; 

35 (q) an antibody that comprises a light chain variable region comprising FR3 in which He at 
position 27 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another 
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amino acid; 

(r) an antibody that comprises a light chain variable region comprising FR3 in which Gin at 
position 23, Pro at position 24, and He at position 27 in the amino acid sequence of SEQ ID NO: 
13 have been substituted with other amino acids; 
5 (s) an antibody that comprises a light chain variable region comprising FR4 in which Lys at 
position 10 in the amino acid sequence of SEQ ID NO: 14 has been substituted with another 
amino acid; 

(t) an antibody that comprises a heavy chain variable region comprising FR4 in which Ser at 
position 5 in the amino acid sequence of SEQ ID NO: 10 has been substituted with another 
10 amino acid; 

(u) an antibody that comprises a heavy chain variable region comprising FR4 in which Gin at 
position 3 and Ser at position 5 in the amino acid sequence of SEQ ID NO: 10 have been 
substituted with other amino acids; 

(v) an antibody that comprises a heavy chain variable region comprising FR3 comprising the 
15 amino acid sequence of SEQ ID NO: 184; 

(w) an antibody that comprises a heavy chain variable region comprising the FR1 of (e), FR2 of 
(f), FR3 of (k), and FR4 of (1) or (u); 

(x) an antibody that comprises a light chain variable region comprising the FR1 of (m), FR2 of 
(n), FR3 of (r), and FR4 of (s); and 
20 (y) an antibody that comprises the heavy chain variable region of (w) and the light chain variable 
region of (x); 

[4] an anti-IL-6 receptor antibody of any one of: 

(a) an antibody that comprises a heavy chain variable region comprising CDR1 in which Ser at 
position 1 in the amino acid sequence of SEQ ID NO: 1 has been substituted with another amino 

25 acid; 

(b) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at 
position 9 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino 
acid; 

(c) an antibody that comprises a heavy chain variable region comprising CDR2 in which Ser at 
30 position 16 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another 

amino acid; 

(d) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at 
position 9 and Ser at position 16 in the amino acid sequence of SEQ ID NO: 2 have been 
substituted with other amino acids; 

35 (e) an antibody that comprises a light chain variable region comprising CDR1 in which Arg at 

position 1 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
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acid; 

(f) an antibody that comprises a light chain variable region comprising CDR2 in which Thr at 
position 2 in the amino acid sequence of SEQ ID NO: 5 has been substituted with another amino 

acid; 

5 (g) an antibody that comprises a light chain variable region comprising CDR2 in which Arg at 
position 4 in the amino acid sequence of SEQ ID NO: 5 has been substituted with another amino 
acid; 

(h) an antibody that comprises a light chain variable region comprising CDR2 in which Thr at 
position 2 and Arg at position 4 in the amino acid sequence of SEQ ID NO: 5 have been 

10 substituted with other amino acids; 

(i) an antibody that comprises a light chain variable region comprising CDR3 in which Thr at 
position 5 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino 
acid; 

(j) an antibody that comprises a heavy chain variable region comprising the CDR1 of (a), CDR2 
15 of (d), and CDR3 comprising the amino acid sequence of SEQ ID NO: 3; 

(k) an antibody that comprises a light chain variable region comprising the CDR1 of (e), CDR2 
of (h), and CDR3 of (i); and 

(1) an antibody that comprises the heavy chain variable region of (j) and the light chain variable 
region of (k); 

20 [5] an anti-IL-6 receptor antibody of any one of: 

(a) an antibody that comprises a heavy chain variable region comprising CDR1 in which Ser at 
position 1 in the amino acid sequence of SEQ ID NO:l has been substituted with another amino 
acid, CDR2 in which Thr at position 9 and Ser at position 16 in the amino acid sequence of 
SEQ ID NO: 2 have been substituted with other amino acids, and CDR3 in which Ser at position 

25 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 have been substituted with 
other amino acids; 

(b) an antibody that comprises a light chain variable region comprising CDR1 in which Arg at 
position 1 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
acid, CDR2 in which Thr at position 2 and Arg at position 4 in the amino acid sequence of SEQ 

30 ID NO: 5 have been substituted with other amino acids, and CDR3 in which Gin at position 1 and 
Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 have been substituted with other 
amino acids; 

(c) an antibody that comprises a heavy chain variable region comprising the amino acid sequence 
of SEQ ID NO: 22; 

35 (d) an antibody that comprises a light chain variable region comprising the amino acid sequence 
of SEQ ID NO: 23; 
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(e) an antibody that comprises the heavy chain variable region of (a) and the light chain variable 
region of (b); and 

(f) an antibody that comprises the heavy chain variable region of (c) and the light chain variable 
region of (d); 

5 [6] a human antibody constant region of any one of: 

(a) a human antibody constant region that comprises deletions of both Gly at position 329 (446 
in the EU numbering system) and Lys at position 330 (447 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 19; 

(b) a human antibody constant region that comprises deletions of both Gly at position 325 (446 
10 in the EU numbering system) and Lys at position 326 (447 in the EU numbering system) in the 

amino acid sequence of SEQ ID NO: 20; and 

(c) a human antibody constant region that comprises deletions of both Gly at position 326 (446 
in the EU numbering system) and Lys at position 327 (447 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 

15 [7] an IgG2 constant region in which the amino acids at positions 209 (330 in the EU numbering 
system), 210 (331 in the EU numbering system), and 218 (339 in the EU numbering system) in 
the amino acid sequence of SEQ ID NO: 20 have been substituted with other amino acids; 
[8] an IgG2 constant region in which the amino acid at position 276 (397 in the EU numbering 
system) in the amino acid sequence of SEQ ID NO: 20 has been substituted with another amino 

20 acid; 

[9] an IgG2 constant region in which the amino acid at position 14 (131 in the EU numbering 
system), 102 (219 in the EU numbering system), and/or 16 (133 in the EU numbering system) in 
the amino acid sequence of SEQ ID NO: 20 has been substituted with another amino acid; 
[10] the IgG2 constant region of [9], wherein the amino acids at positions 20 (137 in the EU 
25 numbering system) and 21 (138 in the EU numbering system) in the amino acid sequence of 
SEQ ID NO: 20 have been substituted with other amino acids; 

[11] an IgG2 constant region in which His at position 147 (268 in the EU numbering system), 
Arg at position234 (355 in the EU numbering system), and/or Gin at position 298 (419 in the EU 
numbering system) in the amino acid sequence of SEQ ID NO: 20 has been substituted with 

30 another amino acid; 

[12] an IgG2 constant region in which the amino acids at positions 209 (330 in the EU 
numbering system), 210 (331 in the EU numbering system), 218 (339 in the EU numbering 
system), 276 (397 in the EU numbering system), 14 (131 in the EU numbering system), 16 (133 
in the EU numbering system), 102 (219 in the EU numbering system), 20 (137 in the EU 

35 numbering system), and 21 (138 in the EU numbering system) in the amino acid sequence of 
SEQ ID NO: 20 have been substituted with other amino acids; 
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[13] the IgG2 constant region of [12], which further comprises deletions of both Gly at position 
325 (446 in the EU numbering system) and Lys at position 326 (447 in the EU numbering 
system); 

[14] an IgG2 constant region in which the amino acids at positions 276 (397 in the EU 
5 numbering system), 14 (131 in the EU numbering system), 16 (133 in the EU numbering system), 
102 (219 in the EU numbering system), 20 (137 in the EU numbering system), and 21 (138 in 
the EU numbering system) in the amino acid sequence of SEQ ID NO: 20 have been substituted 
with other amino acids; 

[15] the IgG2 constant region of [14], which further comprises deletions of both Gly at position 
10 325 (446 in the EU numbering system) and Lys at position 326 (447 in the EU numbering 
system); 

[16] an IgG2 constant region in which the Cys at position 14 (131 in the EU numbering system), 
Arg at position 16 (133 in the EU numbering system), Cys at position 102 (219 in the EU 
numbering system), Glu at position 20 (137 in the EU numbering system), Ser at position 21 
15 (138 in the EU numbering system), His at position 147 (268 in the EU numbering system), Arg 
at position 234 (355 in the EU numbering system), and Gin at position 298 (419 in the EU 
numbering system) in the amino acid sequence of SEQ ID NO: 20 have been substituted with 
other amino acids; 

[17] the IgG2 constant region of [16], which further comprises deletions of both Gly at position 
20 325 (446 in the EU numbering system) and Lys at position 326 (447 in the EU numbering 
system); 

[18] an IgG2 constant region in which the Cys at position 14 (131 in the EU numbering system), 
Arg at position 16 (133 in the EU numbering system), Cys at position 102 (219 in the EU 
numbering system), Glu at position 20 (137 in the EU numbering system), Ser at position 21 

25 (138 in the EU numbering system), His at position 147 (268 in the EU numbering system), Arg 
at position 234 (355 in the EU numbering system), Gin at position 298 (419 in the EU 
numbering system), and Asn at position 313 (434 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 have been substituted with other amino acids; 
[19] the IgG2 constant region of [18], which further comprises deletions of both Gly at position 

30 325 (446 in the EU numbering system) and Lys at position 326 (447 in the EU numbering 
system); 

[20] an IgG4 constant region in which the amino acid at position 289 (409 in the EU numbering 
system) in the amino acid sequence of SEQ ID NO: 21 has been substituted with another amino 

acid; 

35 [21] an IgG4 constant region in which the amino acids at position 289 (409 in the EU numbering 
system), positions 14, 16, 20, 21, 97, 100, 102, 103, 104, and 105 (131, 133, 137, 138, 214, 217, 
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219, 220, 221, and 222 in the EU numbering system, respectively), and positions 113, 114, and 
115 (233, 234, and 235 in the EU numbering system, respectively), have been substituted with 
other amino acids, and the amino acid at position 116 (236 in the EU numbering system) has 
been deleted from the amino acid sequence of SEQ ID NO: 21; 
5 [22] the IgG4 constant region of [21], which further comprises deletions of both Gly at position 
326 (446 in the EU numbering system) and Lys at position 327 (447 in the EU numbering 
system); 

[23] an IgG2 constant region in which Ala at position 209 (330 in the EU numbering system), 
Pro at position 210 (331 in the EU numbering system), Thr at position 218 (339 in the EU 
10 numbering system), Cys at position 14 (131 in the EU numbering system), Arg at position 16 
(133 in the EU numbering system), Cys at position 102 (219 in the EU numbering system), Glu 
at position 20 (137 in the EU numbering system), and Ser at position 21 (138 in the EU 
numbering system) in the amino acid sequence of SEQ ID NO: 20 have been substituted with 
other amino acids; 

15 [24] the IgG2 constant region of [23], which further comprises deletions of both Gly at position 
325 (446 in the EU numbering system) and Lys at position 326 (447 in the EU numbering 
system); 

[25] an IgG2 constant region in which Cys at position 14 (131 in the EU numbering system), Arg 
at position 16 (133 in the EU numbering system), Cys at position 102 (219 in the EU numbering 
20 system), Glu at position 20 (137 in the EU numbering system), and Ser at position 21 (138 in the 
EU numbering system) in the amino acid sequence of SEQ ID NO: 20 have been substituted 
with other amino acids; 

[26] the IgG2 constant region of [25], which further comprises deletions of both Gly at position 
325 (446 in the EU numbering system) and Lys at position 326 (447 in the EU numbering 



25 system); 




[27] 


a constant region comprising the amino acid sequence of SEQ ID NO: 


24; 


[28] 


a constant region comprising the amino acid sequence of SEQ ID NO: 


118; 


[29] 


a constant region comprising the amino acid sequence of SEQ ID NO: 


25; 


[30] 


a constant region comprising the amino acid sequence of SEQ ID NO: 


151; 


30 [31] 


a constant region comprising the amino acid sequence of SEQ ID NO: 


152; 


[32] 


a constant region comprising the amino acid sequence of SEQ ID NO: 


153; 


[33] 


a constant region comprising the amino acid sequence of SEQ ID NO: 


164; 


[34] 


a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 194 


(M40AGK); 





35 [35] a human antibody constant region comprising the amino acid sequence of SEQ ID NO: 192 
(M86AGK); 
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[36] an antibody comprising the constant region of any one of [6] to [32]; 
[37] the antibody of [36], which binds to an IL-6 receptor; 

[38] an anti-IL-6 receptor antibody whose binding activity to an IL-6 receptor is 1 nM or less; 
[39] an anti-IL-6 receptor antibody, wherein the measured isoelectric point of the full-length 
5 antibody is 7.0 or lower or the theoretical isoelectric point of the variable region is 5.0 or lower; 
[40] an anti-IL-6 receptor antibody, wherein the increase in the ratio of antibody aggregate after 
one month at 25°C in a buffer containing 20 mM Histidine-HCl and 150 mM NaCl at pH 6.5 to 
7.0 is 0.3% or less when the concentration of the antibody is 100 mg/ml; and 
[41] a pharmaceutical composition comprising the antibody of any one of [36] to [40]. 

10 

Brief Description of the Drawings 

Fig. 1 is a graph showing the BaF/gpl30-neutralizing activities of WT and RD6. 

Fig. 2 is a graph showing a sensorgram for the interaction between rhIL-s6R (R&D 
systems) and WT. 

15 Fig. 3 is a graph showing a sensorgram for the interaction between rhIL-s6R (R&D 

systems) and RD_6. 

Fig. 4-1 is a diagram showing a list of CDR mutations that improve the affinity or 
neutralizing activity in comparison with WT. 

Fig. 4-2 is the continuation of Fig. 4-1. 
20 Fig. 5 is a diagram showing a list of CDR mutations that in combination improve the 

affinity or neutralizing activity. 

Fig. 6 is a graph showing the BaF/gpl30-neutralizing activities of WT and RDC23. 

Fig. 7 is a graph showing a sensorgram for the interaction between rhIL-s6R (R&D 
systems) and RDC23. 

25 Fig. 8 is a graph showing a sensorgram for the interaction between rhsIL-6R and WT. 

Fig. 9 is a graph showing a sensorgram for the interaction between rhsIL-6R and 

RDC23. 

Fig. 10 is a graph showing a sensorgram for the interaction between SR344 and WT. 
Fig. 1 1 is a graph showing a sensorgram for the interaction between SR344 and RDC23. 
30 Fig. 12 is a graph showing the BaF/gpl30-neutralizing activities of WT and H53L28. 

Fig. 13 is a graph showing a sensorgram for the interaction between SR344 and 
H53/L28. 

Fig. 14 is a graph showing transitions in the plasma concentrations of WT and H53/L28 
after intravenous administration to mice. 
35 Fig. 15 is a graph showing transitions in the plasma concentrations of WT and H53/L28 

after subcutaneous administration to mice. 
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Fig. 16 is a graph showing the BaF/gpl30-neutralizing activities of WT and PF1. 
Fig. 17 is a graph showing a sensorgram for the interaction between SR344 and PF1 . 
Fig. 18 is a graph showing the result of testing the stability of WT and PF1 at high 
concentrations. 

5 Fig. 19 is a graph showing transitions in the plasma concentrations of WT and PF1 after 

intravenous administration to human IL-6 receptor transgenic mice. 

Fig. 20 is a graph showing transitions in the plasma concentrations of free human 
soluble IL-6 receptor after intravenous administration of WT or PF1 to human IL-6 receptor 
transgenic mice. 

10 Fig. 21 is a graph showing the result of using gel filtration chromatography to analyze 

the content of aggregates in WT-IgGl, WT-IgG2, WT-IgG4, IgG2-M397V, and IgG4-R409K 

purified by hydrochloric acid elution. 

Fig. 22 is a diagram showing the result of cation exchange chromatography (IEC) 

analysis of WT-IgGl, WT-IgG2, and WT-IgG4. 
15 Fig. 23 is a diagram showing predicted disulfide bonding in the hinge region of 

WT-IgG2. 

Fig. 24 is a diagram showing predicted disulfide bonding in the hinge region of 
WT-IgG2-SKSC. 

Fig. 25 is a diagram showing the result of cation exchange chromatography (IEC) 
20 analysis of WT-IgG2 and IgG2-SKSC. 

Fig. 26 is a diagram showing the result of cation exchange chromatography (IEC) 
analysis of humanized PM-1 antibody, H chain C-terminal AK antibody, and H chain C-terminal 
AGK antibody. 

Fig. 27 shows comparison of the amounts WT-IgGl, WT-IgG2, WT-IgG4, 
25 WT-M14AGK, WT-M17AGK, and WT-M1 1 AGK bound to FcyRI. 

Fig. 28 is a graph showing comparison of the amounts WT-IgGl, WT-IgG2, WT-IgG4, 
WT-M14AGK, WT-M17AGK, and WT-M1 1 AGK bound to FcyRIIa. 

Fig. 29 is a graph showing comparison of the amounts WT-IgGl, WT-IgG2, WT-IgG4, 
WT-M14AGK, WT-M17AGK, and WT-M1 1 AGK bound to FcyRIIb. 
30 Fig. 30 is a graph showing comparison of the amounts WT-IgGl, WT-IgG2, WT-IgG4, 

WT-M14AGK, WT-M17AGK, and WT-M1 1 AGK bound to FcyRIIIa (Val). 

Fig. 31 is a graph showing the increase of aggregation in a stability test for WT-IgGl, 
WT-M14AGK, WT-M17AGK, and WT-M1 1 AGK at high concentrations. 

Fig. 32 is a graph showing the increase of Fab fragments in a stability test for WT-IgGl, 
35 WT-M14AGK, WT-M17AGK, and WT-M1 1 AGK at high concentrations. 

Fig. 33 is a diagram showing the result of cation exchange chromatography (IEC) 
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analysis of WT-IgG2, WT-M14AGK, and WT-M31AGK. 

Fig. 34 is a graph showing the BaF/gpl30-neutralizing activities of WT and 
F2H/L39-IgGl. 

Fig. 35 is a graph showing the plasma concentration time courses of antibodies after 
5 subcutaneous administration of WT, PF1, or F2H/L39-IgGl at 1.0 mg/kg to cynomolgus 
monkeys. 

Fig. 36 is a graph showing the time courses of CRP concentration in the groups of 
cynomolgus monkeys administered with WT or F2H/L39-IgGl. 

Fig. 37 is a graph showing the time courses of free cynomolgus monkey IL-6 receptor 
10 concentration in the groups of cynomolgus monkeys administered with WT or F2H/L39-IgGl . 

Fig. 38 is a graph showing the time courses of plasma concentrations of WT-IgGl and 
WT-M14 after intravenous administration to human FcRn transgenic mice. 

Fig. 39 is a graph showing the time courses of plasma concentrations of WT-IgGl, 
WT-M14, and WT-M58 after intravenous administration to human FcRn transgenic mice. 
15 Fig. 40 is a graph showing the time courses of plasma concentrations of WT-IgGl, 

WT-M44, WT-M58, and WT-M73 after intravenous administration to human FcRn transgenic 
mice. 

Fig. 41 is a diagram showing a cation exchange chromatography-based assessment of 
the effect on heterogeneity by the constant region of anti IL-6 receptor antibodies WT and 
20 F2H/L39, anti-IL-3 1 receptor antibody H0L0, and anti-RANKL antibody DNS. 

Fig. 42 is a diagram showing a cation exchange chromatography-based assessment of 
the effect on heterogeneity by the CHI domain cysteine of anti IL-6 receptor antibodies WT and 
F2H/L39. 

Fig. 43 is a diagram showing a DSC-based assessment of the effect on denaturation 
25 peak by the CHI domain cysteine of anti IL-6 receptor antibody WT. 

Fig. 44 is a graph showing the activities of TOCILIZUMAB, the control, and Fv5-M83 
to neutralize BaF/gl30. 

Fig. 45 is a graph showing the activities of TOCILIZUMAB, Fv3-M73, and Fv4-M73 to 
neutralize BaF/gpl30. 

30 Fig. 46 is a graph showing the plasma concentration time courses of TOCILIZUMAB, 

the control, Fv3-M73, Fv4-M73, and Fv5-M83 in cynomolgus monkeys after intravenous 
administration. 

Fig. 47 is a graph showing the time courses of CRP concentration in cynomolgus 
monkeys after intravenous administration of TOCILIZUMAB, the control, Fv3-M73, Fv4-M73, 
35 or Fv5-M83. 

Fig. 48 is a graph showing the time courses of percentage of soluble IL-6 receptor 
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neutralization in cynomolgus monkeys after intravenous administration of TOCILIZUMAB, the 
control, Fv3-M73, Fv4-M73, or Fv5-M83. 

Mode for Carrying Out the Invention 
5 The present invention provides pharmaceutical compositions comprising 

second- generation molecules that are more superior to the humanized anti-IL-6 receptor IgGl 

antibody TOCILIZUMAB, and have been improved to exhibit enhanced drug efficacy and 

pharmacokinetics, and thus produce a prolonged therapeutic effect even when the frequency of 

administration is reduced. They have also been improved to have reduced immunogenicity and 
10 improved safety and physicochemical properties, by altering amino acid sequences of the 

variable and constant regions of TOCILIZUMAB; and methods for producing such 

pharmaceutical compositions. The present invention also provides antibody constant regions 

that are suitable for pharmaceuticals. 

The present invention relates to anti-IL-6 receptor antibodies exhibiting superior 
15 antigen-binding activity, neutralizing activity, retention in plasma, stability, and/or homogeneity, 

and reduced immunogenicity risk. 

Preferably, the anti-IL-6 receptor antibody is a humanized PM-1 antibody 

(TOCILIZUMAB). More specifically, the present invention provides humanized PM-1 

antibodies with enhanced antigen-binding activity, humanized PM-1 antibodies with enhanced 
20 neutralizing activity, humanized PM-1 antibodies showing improved pharmacokinetics, 

humanized PM-1 antibodies with reduced immunogenicity risk, humanized PM-1 antibodies 

with improved stability, and humanized PM-1 antibodies with improved homogeneity, all of 

which have been achieved through amino acid substitution. 

Humanized PM-1 antibodies bind to the human IL-6 receptor, and thus inhibit the 
25 binding between human IL-6 and the human IL-6 receptor. Herein, SEQ IDs in the Sequence 

Listing correspond to the amino acid sequences of humanized PM-1 antibodies shown below. 

Heavy chain amino acid sequence: SEQ ID NO: 15 

Light chain amino acid sequence: SEQ ID NO: 16 

Heavy chain variable region amino acid sequence: SEQ ID NO: 17 
30 Light chain variable region amino acid sequence: SEQ ID NO: 18 

Heavy chain CDR1 (HCDR1) amino acid sequence: SEQ ID NO: 1 

Heavy chain CDR2 (HCDR2) amino acid sequence: SEQ ID NO: 2 

Heavy chain CDR3 (HCDR3) amino acid sequence: SEQ ID NO: 3 

Heavy chain FR1 (HFR1) amino acid sequence: SEQ ID NO: 7 
35 Heavy chain FR2 (HFR2) amino acid sequence: SEQ ID NO: 8 

Heavy chain FR3 (HFR3) amino acid sequence: SEQ ID NO: 9 
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Heavy chain FR4 (HFR4) amino acid sequence: SEQ ID NO: 10 
Light chain CDR1 (LCDR1) amino acid sequence: SEQ ID NO: 4 
Light chain CDR2 (LCDR2) amino acid sequence: SEQ ID NO: 5 
Light chain CDR3 (LCDR3) amino acid sequence: SEQ ID NO: 6 
5 Light chain FR1 (LFR1) amino acid sequence: SEQ ID NO: 1 1 
Light chain FR2 (LFR2) amino acid sequence: SEQ ID NO: 12 
Light chain FR3 (LFR3) amino acid sequence: SEQ ID NO: 13 
Light chain FR4 (LFR4) amino acid sequence: SEQ ID NO: 14 
<Antibodies with enhanced affinity and neutralizing activity> 
10 The present invention provides anti-human IL-6 receptor antibodies exhibiting strong 

human IL-6 receptor-binding and/or neutralizing activity. More specifically, the present 
invention provides the following antibodies of (a) to (y), and methods for producing the 
antibodies: 

(a) An anti-human IL-6 receptor antibody comprising a heavy chain CDR1 in which Ser 
15 at position 1 in the amino acid sequence of SEQ ID NO: 1 (HCDR1) has been substituted with 
another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Trp (RD 68), Thr (RD 37), Asp (RD 8), Asn (RD 1 1), Arg (RD 31), Val 
(RD 32), Phe (RD 33), Ala (RD 34), Gin (RD35), Tyr (RD 36), Leu (RD 38), His (RD 42), 
20 Glu (RD45), or Cys (RD 46) is preferred. 

A sequence resulting from the substitution of Trp for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 26. 

A sequence resulting from the substitution of Thr for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 27. 
25 A sequence resulting from the substitution of Asp for Ser at position 1 in the amino acid 

sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 28. 

A sequence resulting from the substitution of Asn for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 29. 

A sequence resulting from the substitution of Arg for Ser at position 1 in the amino acid 
30 sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 30. 

A sequence resulting from the substitution of Val for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 31. 

A sequence resulting from the substitution of Phe for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 32. 
35 A sequence resulting from the substitution of Ala for Ser at position 1 in the amino acid 

sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 33. 
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A sequence resulting from the substitution of Gin for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 34. 

A sequence resulting from the substitution of Tyr for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 35. 
5 A sequence resulting from the substitution of Leu for Ser at position 1 in the amino acid 

sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 36. 

A sequence resulting from the substitution of His for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 37. 

A sequence resulting from the substitution of Glu for Ser at position 1 in the amino acid 
10 sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 38. 

A sequence resulting from the substitution of Cys for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 39. 

(b) An anti-human IL-6 receptor antibody comprising a heavy chain CDR1 in which Trp 
at position 5 in the amino acid sequence of SEQ ID NO: 1 (HCDR1) has been substituted with 

1 5 another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to He (RD 9) or Val (RD 30) is preferred. 

A sequence resulting from the substitution of He for Trp at position 5 in the amino acid 
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 40. 
20 A sequence resulting from the substitution of Val for Trp at position 5 in the amino acid 

sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 41. 

(c) An anti-human IL-6 receptor antibody comprising a heavy chain CDR2 in which Tyr 
at position 1 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) has been substituted with 
another amino acid. 

25 The type of amino acid after substitution is not particularly limited; however, 

substitution to Phe (RD 82) is preferred. 

A sequence resulting from the substitution of Phe for Tyr at position 1 in the amino acid 
sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 42. 

(d) An anti-human IL-6 receptor antibody comprising a heavy chain CDR2 in which Thr 
30 at position 8 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) has been substituted with 

another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Arg (RD 79) is preferred. 

A sequence resulting from the substitution of Arg for Thr at position 8 in the amino acid 
35 sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 43. 

(e) An anti-human IL-6 receptor antibody comprising a heavy chain CDR2 in which Thr 
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at position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) has been substituted with 
another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Ser (RD12) or Asn (RD61) is preferred. 
5 A sequence resulting from the substitution of Ser for Thr at position 9 in the amino acid 

sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 44. 

A sequence resulting from the substitution of Asn for Thr at position 9 in the amino acid 
sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 45. 

(f) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which Ser 
10 at position 1 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) has been substituted with 

another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to He (RD 2), Val (RD 4), Thr (RD 80), or Leu (RD 5) is preferred. 

A sequence resulting from the substitution of He for Ser at position 1 in the amino acid 
15 sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 46. 

A sequence resulting from the substitution of Val for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 47. 

A sequence resulting from the substitution of Thr for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 48. 
20 A sequence resulting from the substitution of Leu for Ser at position 1 in the amino acid 

sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 49. 

(g) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which 
Leu at position 2 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) has been substituted 
with another amino acid. 

25 The type of amino acid after substitution is not particularly limited; however, 

substitution to Thr (RD 84) is preferred. 

A sequence resulting from the substitution of Thr for Leu at position 2 in the amino acid 
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 50. 

(h) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which Thr 
30 at position 5 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) has been substituted with 

another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Ala (RD 3) or He (RD 83) is preferred. In addition, the substitution of Ser 
(RDC14H) for Thr at position 5 is also preferred. 
35 A sequence resulting from the substitution of Ala for Thr at position 5 in the amino acid 

sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 5 1 . 
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A sequence resulting from the substitution of He for Thr at position 5 in the amino acid 
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 52. 

A sequence resulting from the substitution of Ser for Thr at position 5 in the amino acid 
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 53. 
5 (i) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which Ala 

at position 7 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) has been substituted with 
another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Ser (RD_81) or Val (PF_3H) is preferred. 
10 A sequence resulting from the substitution of Ser for Ala at position 7 in the amino acid 

sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 54. 

A sequence resulting from the substitution of Val for Ala at position 7 in the amino acid 
sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 55. 

(j) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which Met 
15 at position 8 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) has been substituted with 
another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Leu (PF 4H) is preferred. 

A sequence resulting from the substitution of Leu for Met at position 8 in the amino 
20 acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 56. 

(k) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which Ser 
at position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) have 
been substituted with other amino acids. 

The type of amino acid after substitution is not particularly limited; however, 
25 substitutions of Leu for Ser at position 1 and Ala for Thr at position 5 (RD 6) are preferred. 

Other preferred substitutions include: substitutions of Val for Ser at position 1 and Ala for Thr at 
position 5 (RDC 2H); substitutions of He for Ser at position 1 and Ala for Thr at position 5 
(RDC 3H); substitutions of Thr for Ser at position 1 and Ala for Thr at position 5 (RDC 4H); 
substitutions of Val for Ser at position 1 and He for Thr at position 5 (RDC 5H); substitutions of 
30 He for Ser at position 1 and He for Thr at position 5 (RDC 6H); substitutions of Thr for Ser at 
position 1 and He for Thr at position 5 (RDC 7H); and substitutions of Leu for Ser at position 1 
and He for Thr at position 5 (RDC 8H). 

A sequence resulting from the substitutions of Leu for Ser at position 1 and Ala for Thr 
at position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 57. 
35 A sequence resulting from the substitutions of Val for Ser at position 1 and Ala for Thr 

at position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 58. 
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A sequence resulting from the substitutions of He for Ser at position 1 and Ala for Thr at 
position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 59. 

A sequence resulting from the substitutions of Thr for Ser at position 1 and Ala for Thr 
at position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 60. 
5 A sequence resulting from the substitutions of Val for Ser at position 1 and He for Thr at 

position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 61 . 

A sequence resulting from the substitutions of He for Ser at position 1 and He for Thr at 
position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 62. 

A sequence resulting from the substitutions of Thr for Ser at position 1 and He for Thr at 
10 position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 63. 

A sequence resulting from the substitutions of Leu for Ser at position 1 and He for Thr 
at position 5 in the amino acid sequence of SEQ ID NO: 3 is shown in SEQ ID NO: 64. 

(1) An anti-human IL-6 receptor antibody comprising a heavy chain CDR3 in which Leu 
at position 2, Ala at position 7, and Met at position 8 in the amino acid sequence of SEQ ID NO: 
15 3 (HCDR3) have been substituted with other amino acids. 

The type of amino acid after substitution is not particularly limited; however, 
substitutions of Thr for Leu at position 2, Val for Ala at position 7, and Leu for Met at position 8 
(RD 78) are preferred. 

A sequence resulting from the substitutions of Thr for Leu at position 2, Val for Ala at 
20 position 7, and Leu for Met at position 8 in the amino acid sequence of SEQ ID NO: 3 is shown 
in SEQ ID NO: 65. 

(m) An anti-human IL-6 receptor antibody comprising a light chain CDR1 in which Arg 
at position 1 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) has been substituted with 
another amino acid. 

25 The type of amino acid after substitution is not particularly limited; however, 

substitution to Phe (RD18) is preferred. 

A sequence resulting from the substitution of Phe for Arg at position 1 in the amino acid 
sequence of SEQ ID NO: 4 is shown in SEQ ID NO: 66. 

(n) An anti-human IL-6 receptor antibody comprising a light chain CDR1 in which Gin 
30 at position 4 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) has been substituted with 
another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Arg (RD 26) or Thr (RD 20) is preferred. 

A sequence resulting from the substitution of Arg for Gin at position 4 in the amino acid 
35 sequence of SEQ ID NO: 4 is shown in SEQ ID NO: 67. 

A sequence resulting from the substitution of Thr for Gin at position 4 in the amino acid 
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sequence of SEQ ID NO: 4 is shown in SEQ ID NO: 68. 

(o) An anti-human IL-6 receptor antibody comprising a light chain CDR1 in which Tyr 
at position 9 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) has been substituted with 
another amino acid. 

5 The type of amino acid after substitution is not particularly limited; however, 

substitution to Phe (RD73) is preferred. 

A sequence resulting from the substitution of Phe for Tyr at position 9 in the amino acid 
sequence of SEQ ID NO: 4 is shown in SEQ ID NO: 69. 

(p) An anti-human IL-6 receptor antibody comprising a light chain CDR1 in which Asn 
10 at position 1 1 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) has been substituted with 
another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Ser (RD_27) is preferred. 

A sequence resulting from the substitution of Ser for Asn at position 1 1 in the amino 
15 acid sequence of SEQ ID NO: 4 is shown in SEQ ID NO: 70. 

(q) An anti-human IL-6 receptor antibody comprising a light chain CDR2 in which Thr 
at position 2 in the amino acid sequence of SEQ ID NO: 5 (LCDR2) has been substituted with 
another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
20 substitution to Gly is preferred. 

A sequence resulting from the substitution of Gly for Thr at position 2 in the amino acid 
sequence of SEQ ID NO: 5 is shown in SEQ ID NO: 71. 

(r) An anti-human IL-6 receptor antibody comprising a light chain CDR3 in which Gin 
at position 1 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) has been substituted with 
25 another amino acid. 

The type of amino acid after substitution is not particularly limited; however 
substitution to Gly (RD 28), Asn (RD 29), or Ser (RDC15L) is preferred. 

A sequence resulting from the substitution of Gly for Gin at position 1 in the amino acid 
sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 72. 
30 A sequence resulting from the substitution of Asn for Gin at position 1 in the amino acid 

sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 73. 

A sequence resulting from the substitution of Ser for Gin at position 1 in the amino acid 
sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 74. 

(s) An anti-human IL-6 receptor antibody comprising a light chain CDR3 in which Gly 
35 at position 3 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another 
amino acid. 



28 



Translation for WO 2009/041621 



The type of amino acid after substitution is not particularly limited; however, 
substitution to Ser is preferred. 

A sequence resulting from the substitution of Ser for Gly at position 3 in the amino acid 
sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 75. 
5 (t) An anti-human IL-6 receptor antibody comprising a light chain CDR1 in which Tyr 

at position 9 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) has been substituted with 
another amino acid, and a light chain CDR3 in which Gly at position 3 in the amino acid 
sequence of SEQ ID NO: 6 (LCDR3) has been substituted with another amino acid. 

The type of amino acid after substitution is not particularly limited; however, Tyr at 
10 position 9 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) is preferably substituted with 
Phe, while Gly at position 3 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) is preferably 
substituted with Ser (RD 72). 

(u) An anti-human IL-6 receptor antibody comprising a light chain CDR3 in which Thr 
at position 5 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) has been substituted with 
1 5 another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Arg (RD23) or Ser is preferred. 

A sequence resulting from the substitution of Arg for Thr at position 5 in the amino acid 
sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 76. 
20 A sequence resulting from the substitution of Ser for Thr at position 5 in the amino acid 

sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 77. 

(v) An anti-human IL-6 receptor antibody comprising a light chain CDR3 in which Gin 
at position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) have 
been substituted with other amino acids. 
25 The type of amino acid after substitution is not particularly limited; however, 

substitutions of Gly for Gin at position 1 and Ser for Thr at position 5 (RD 22) are preferred. 
Other preferred substitutions include substitutions of Gly for Gin at position 1 and Arg for Thr at 
position 5 (RDC 11L). 

A sequence resulting from the substitutions of Gly for Gin at position 1 and Ser for Thr 
30 at position 5 in the amino acid sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 78. 

A sequence resulting from the substitutions of Gly for Gin at position 1 and Arg for Thr 
at position 5 in the amino acid sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 79. 

(w) An anti-human IL-6 receptor antibody comprising a heavy chain CDR2 in which 
Thr at position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) has been substituted 
35 with another amino acid, and a heavy chain CDR3 in which Ser at position 1 and Thr at position 
5 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) have been substituted with other amino 
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acids. 

Thr at position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) is preferably 
replaced with Asn. Furthermore, preferred combinations of amino acids for substitutions of Ser 
at position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) 
5 include: Leu and Ala (RDC27H); Val and Ala (RDC 28H); He and Ala (RDC30H); Thr and 
Ala (RDC 4H); Val and He (RDC 29H); He and He (RDC 32H); Thr and He (RDC7H); and 
Leu and lie (RDC8H). 

(x) An antibody that comprises a variable region comprising the heavy chain CDR3 of 
(k) and a variable region comprising the light chain CDR3 of (v). 

10 (y) The antibody of (x), which further comprises the heavy chain CDR2 of (e). 

The present invention provides antibodies comprising at least the amino acid 
substitution of any one of (a) to (y) described above and methods for producing the antibodies. 
Thus, the antibodies of the present invention can also comprise other amino acid substitutions in 
addition to the amino acid substitution of any one of (a) to (y) described above. Furthermore, 

1 5 the antibodies of the present invention also include antibodies comprising a combination of any 
amino acid substitutions of (a) to (y) described above. The amino acid substitutions of (a) to 
(y) described above include substitutions of the CDR amino acid sequences described above to 
other amino acids. Amino acid substitutions other than those of (a) to (y) described above 
include, for example, amino acid sequence substitutions, deletions, additions, and/or insertions in 

20 other CDR regions. Such substitutions also include amino acid sequence substitutions, 

deletions, additions, and/or insertions in the FR regions. Such substitutions further include 
substitutions, deletions, additions, and/or insertions in the constant regions. 

Furthermore, the antibodies of the present invention also include antibodies in which a 
high affinity CDR discovered in the present invention is grafted into any framework other than a 

25 humanized PM-1 antibody. The antibodies of the present invention also include antibodies in 
which the loss of affinity as a result of grafting a high affinity CDR discovered in the present 
invention into any framework other than a humanized PM-1 antibody has been compensated by 
mutations introduced into the framework region to restore the original affinity (see, for example, 
Curr. Opin. Biotechnol. 1994 Aug;5(4):428-33), and antibodies in which the loss has been 

30 compensated by mutations introduced into the CDR region to restore the original affinity (see, 
for example, US 2006/0122377). 

In the present invention, the amino acid substitution of any one of (a) to (y) described 
above is preferably introduced into a humanized PM-1 antibody. Humanized PM-1 antibodies 
introduced with the amino acid substitution of any one of (a) to (y) described above have strong 

35 IL-6 receptor-neutralizing activity. Humanized PM-1 antibodies introduced with the amino 
acid substitution of any one of (a) to (y) described above are effective as therapeutic agents for 
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IL-6-associated inflammatory diseases such as rheumatoid arthritis. 

Antibodies comprising the amino acid substitution of any one of (a) to (y) described 
above can also be referred to as, for example, (1) or (2) described below. An example of 
antibody comprising the substitution of (a) is described here; other antibodies comprising the 
5 substitution of any one of (b) to (y) can also be referred to in the same way. 

(1) An antibody that comprises a heavy chain variable region comprising CDR1 comprising an 
amino acid sequence in which Ser at position 1 in the amino acid sequence of SEQ ID NO: 1 has 
been substituted with another amino acid 

(2) An antibody that comprises an H chain comprising CDR1 comprising an amino acid 
10 sequence in which Ser at position 1 in the amino acid sequence of SEQ ID NO: 1 has been 

substituted with another amino acid 
<Antibodies with enhanced binding activity> 

The present invention further provides anti-IL-6 receptor antibodies with strong IL-6 
receptor-binding activity. Herein, "anti-IL-6 receptor antibodies with strong IL-6 
15 receptor-binding activity" typically refers to antibodies whose affinity is measured to be 1 nM or 
less at 37°C under physiological conditions, preferably 0.1 nM or less, and more preferably 0.04 
nM or less. Such anti-IL-6 receptor antibodies with strong IL-6 receptor binding activity are 
assumed to have an enhanced activity of neutralizing the biological activity of the antigen. 

There is no limitation on the type of amino acid substitutions introduced to the present 
20 invention's anti-IL-6 receptor antibodies with strong IL-6 receptor binding activity. Such 
amino acid substitutions include, for example, the above-described amino acid substitutions. 

The type of IL-6 receptor is not particularly limited; however, human IL-6 receptor is 
preferred. 

The binding activity can be determined by methods known to those skilled in the art, for 
25 example, using Biacore (BIACORE) or such, based on surface plasmon resonance (SPR). 
<Antibodies having a CDR sequence with reduced immunogenicity risk> 

The present invention also provides anti-IL-6 receptor antibodies with reduced 
immunogenicity, in particular, humanized PM-1 antibodies. The immunogenicity is assumed to 
be enhanced when the sequence of an antibody contains a T-cell epitope that binds to HLA. 
30 Thus, the immunogenicity risk for an antibody can be reduced by removing the T-cell epitope 
from the antibody sequence through sequence substitution. 

The present invention provides light chain variable regions of humanized anti-human 
IL-6 receptor antibodies with reduced immunogenicity, in particular, those of humanized PM-1 
antibodies, from which T-cell epitopes have been removed through substituting other amino 
35 acids in the antibody amino acid sequences, in particular, CDR sequences. The present 
invention also provides antibodies comprising such light chain variable regions. 
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More specifically, the present invention provides light chain CDR2 in which Thr at 
position 2 in the amino acid sequence of SEQ ID NO: 5 (LCDR2) has been substituted with 
another amino acid. The present invention also provides light chain variable regions 
comprising such light chain CDR2. The present invention also provides anti-IL-6 receptor 
5 antibodies comprising such light chain variable region. The amino acid sequence after 

substitution is not particularly limited; however, substitution to Gly is preferred. A sequence 
comprising the substitution of Gly for Thr at position 2 in the amino acid sequence of SEQ ID 
NO: 5 is shown in SEQ ID NO: 71 . The amino acid substitution is preferably introduced into a 
light chain variable region of a humanized PM-1 antibody. 

10 <FR and CDR of H53/L28> 

The present invention also provides anti-human IL-6 receptor antibodies with improved 
pharmacokinetic, increased stability, and/or reduced immunogenicity. The half-lives of IgGs 
sharing the same Fc domain in plasma have been found to be correlated to isoelectric points with 
a high correlation coefficient. Then, the present inventors tried altering the isoelectric points of 

15 the variable regions of two antibodies against different antigens, and successfully controlled their 
half-lives in plasma without altering their Fc domains irrespective of the antigen type. The rate 
of non-specific antibody uptake by endothelial cells is assumed to depend on the 
physicochemical Coulomb interaction between IgG and negatively charged cell surface. 
Lowering the isoelectric point of IgG impairs the Coulomb interaction, which reduces the 

20 non-specific uptake by endothelial cells, and as a result, the metabolism in endothelial cells is 
reduced. This can improve pharmacokinetics. 

Specifically, the present invention provides anti-human IL-6 receptor antibodies with 
reduced isoelectric point and improved pharmacokinetics, by substituting amino acids in the 
amino acid sequence of an anti-IL-6 receptor antibody, in particular, a humanized PM-1 antibody. 

25 Specifically, the humanized PM-1 antibody is altered to reduce its isoelectric point by 

substituting other amino acids at HI 3 (amino acid at position 13 in SEQ ID NO: 7), HI 6 (amino 
acid at position 16 in SEQ ID NO: 7), H43 (amino acid at position 8 in SEQ ID NO: 8), H81 
(amino acid at position 16 in SEQ ID NO: 9), HI 05 (amino acid at position 3 in SEQ ID NO: 10), 
LI 8 (amino acid at position 18 in SEQ ID NO: 11), L45 (amino acid at position 1 1 in SEQ ID 

30 NO: 12), L79 (amino acid at position 23 in SEQ ID NO: 13), L107 (amino acid at position 10 in 
SEQ ID NO: 14), H31 (amino acid at position 1 in SEQ ID NO: 1), L24 (amino acid at position 
1 in SEQ ID NO: 4), and/or L53 (amino acid at position 4 in SEQ ID NO: 5), where positions are 
numbered according to Kabat's numbering system (Kabat EA et al. 9 1991 Sequences of Proteins 
of Immunological Interest. NIH). These substitutions can lower the isoelectric point of a 

35 humanized PM-1 antibody without affecting its binding activity and stability. Some amino acid 
residues originated from the mouse sequence remain unsubstituted in the humanized PM-1 
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antibody to maintain its binding activity even after humanization of the mouse sequence. More 
specifically, amino acids at H27 (amino acid at position 27 in SEQ ID NO: 7), H28 (amino acid 
at position 28 in SEQ ID NO: 7), H29 (amino acid at position 29 in SEQ ID NO: 7), H30 (amino 
acid at position 30 in SEQ ID NO: 7), and H71 in the humanized PM-1 antibody (positions are 
5 numbered according to Kabat's numbering system described above) are of the mouse sequence. 
HFR1 can be converted into a human sequence by substituting H13, H16, H23, and H30, which 
enables to produce an antibody whose immunogenicity risk is lower than that of the humanized 
PM-1 antibody. Furthermore, since the humanized PM-1 antibody is an antibody humanized by 
CDR grafting, its stability may be further improved. Antibodies can be stabilized, for example, 

10 by substituting hydrophilic amino acids for amino acid residues exposed on the surface of the 
antibody variable region. Alternatively, antibodies can also be stabilized by altering the CDR 
sequence to a consensus sequence. The humanized PM-1 antibody can be stabilized by a 
substitution of He for Met at H69 (amino acid position 4 in SEQ ID NO: 9) (stabilization of the 
hydrophobic core), Ser for Leu at H70 (amino acid at position 5 in SEQ ID NO: 9) (conversion 

15 of the surface-exposed residue to a hydrophilic residue), Asn for Thr at H58 (amino acid at 
position 9 in SEQ ID NO: 2) (alternation of the heavy chain CDR2 to a consensus sequence), 
Gly for Ser at H65 (amino acid at position 16 in SEQ ID NO: 2) (substitution of Gly in the P turn 
region and alternation of the heavy chain CDR2 to a consensus sequence), or Ser for Thr at L93 
(amino acid at position 5 in SEQ ID NO: 6) (conversion of the surface-exposed residue to a 

20 hydrophilic residue) (positions are numbered according to Kabat's numbering system described 
above). Alternatively, in ^///co-predicted T-cell epitopes can be removed by substituting Gly 
for Thr at L5 1 at position 2 in LCDR2 (SEQ ID NO: 5) described above, and this can reduce the 
immunogenicity risk without affecting the binding activity and stability. Anti-IL-6 receptor 
antibodies with improved stability and antibody pharmacokinetics, as well as reduced 

25 immunogenicity can be obtained by using these amino acid substitutions in combination. 

Such antibodies include, for example, the antibodies of (1) to (37) below. 

(1) An antibody that comprises a heavy chain variable region comprising FR1 in which 
Arg at position 13 in the amino acid sequence of SEQ ID NO: 7 has been substituted with 
another amino acid. 

30 The type of amino acid after substitution is not particularly limited; however, 

substitution to Lys is preferred. 

A sequence resulting from the substitution of Lys for Arg at position 13 in the amino 
acid sequence of SEQ ID NO: 7 is shown in SEQ ID NO: 80. 

(2) An antibody that comprises a heavy chain variable region comprising FR1 in which 
35 Gin at position 16 in the amino acid sequence of SEQ ID NO: 7 has been substituted with 

another amino acid. 
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The type of amino acid after substitution is not particularly limited; however, 
substitution of Glu is preferred. 

A sequence resulting from the substitution of Glu for Gin at position 16 in the amino 
acid sequence of SEQ ID NO: 7 is shown in SEQ ID NO: 81. 
5 (3) An antibody that comprises a heavy chain variable region comprising FR1 in which 

Thr at position 23 in the amino acid sequence of SEQ ID NO: 7 has been substituted with 
another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Ala is preferred. 
10 A sequence resulting from the substitution of Ala for Thr at position 23 in the amino 

acid sequence of SEQ ID NO: 7 is shown in SEQ ID NO: 82. 

(4) An antibody that comprises a heavy chain variable region comprising FR1 in which 
Thr at position 30 in the amino acid sequence of SEQ ID NO: 7 has been substituted with 
another amino acid. 

15 The type of amino acid after substitution is not particularly limited; however, 

substitution to Ser is preferred. 

A sequence resulting from the substitution of Ser for Thr at position 30 in the amino 
acid sequence of SEQ ID NO: 7 is shown in SEQ ID NO: 83. 

(5) An antibody that comprises a heavy chain variable region comprising FR1 in which 
20 Arg at position 13, Gin at position 16, Thr at position 23, and Thr at position 30 in the amino 

acid sequence of SEQ ID NO: 7 have been substituted with other amino acids. 

The type of amino acid after substitution is not particularly limited; however, 
substitutions of Lys for Arg at position 13, Glu for Gin at position 16, Ala for Thr at position 23, 
and Ser for Thr at position 30 are preferred. 
25 A sequence resulting from the substitutions of Lys for Arg at position 13, Glu for Gin at 

position 16, Ala for Thr at position 23, and Ser for Thr at position 30 in the amino acid sequence 
of SEQ ID NO: 7 is shown in SEQ ID NO: 84. 

(6) An antibody that comprises a heavy chain variable region comprising FR2 in which 
Arg at position 8 in the amino acid sequence of SEQ ID NO: 8 has been substituted with another 

30 amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Glu is preferred. 

A sequence resulting from the substitution of Glu for Arg at position 8 in the amino acid 
sequence of SEQ ID NO: 8 is shown in SEQ ID NO: 85. 
35 (7) An antibody that comprises a heavy chain variable region comprising FR3 in which 

Met at position 4 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another 
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amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to He is preferred. 

A sequence resulting from the substitution of He for Met at position 4 in the amino acid 
5 sequence of SEQ ID NO: 9 is shown in SEQ ID NO: 86. 

(8) An antibody that comprises a heavy chain variable region comprising FR3 in which 
Leu at position 5 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another 
amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
10 substitution to Ser is preferred. 

A sequence resulting from the substitution of Ser for Leu at position 5 in the amino acid 
sequence of SEQ ID NO: 9 is shown in SEQ ID NO: 87. 

(9) An antibody that comprises a heavy chain variable region comprising FR3 in which 
Arg at position 16 in the amino acid sequence of SEQ ID NO: 9 has been substituted with 

1 5 another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Lys is preferred. 

A sequence resulting from the substitution of Lys for Arg at position 16 in the amino 
acid sequence of SEQ ID NO: 9 is shown in SEQ ID NO: 88. 
20 (10) An antibody that comprises a heavy chain variable region comprising FR3 in which 

Val at position 27 in the amino acid sequence of SEQ ID NO: 9 has been substituted with 
another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Ala is preferred. 
25 A sequence resulting from the substitution of Ala for Val at position 27 in the amino 

acid sequence of SEQ ID NO: 9 is shown in SEQ ID NO: 89. 

(11) An antibody that comprises a heavy chain variable region comprising FR3 in which 
Met at position 4, Leu at position 5, Arg at position 16, and Val at position 27 in the amino acid 
sequence of SEQ ID NO: 9 (HFR3) have been substituted with other amino acids. 

30 The type of amino acid after substitution is not particularly limited; however, 

substitutions of He for Met at position 4, Ser for Leu at position 5, Lys for Arg at position 16, 
and Ala for Val at position 27 are preferred. 

A sequence resulting from the substitutions of He for Met at position 4, Ser for Leu at 
position 5, Lys for Arg at position 16, and Ala for Val at position 27 in the amino acid sequence 

35 of SEQ ID NO: 9 is shown in SEQ ID NO: 90. 

(12) An antibody that comprises a heavy chain variable region comprising FR4 in which 
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Gin at position 3 in the amino acid sequence of SEQ ID NO: 10 (HFR4) has been substituted 
with another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Glu is preferred. 
5 A sequence resulting from the substitution of Glu for Gin at position 3 in the amino acid 

sequence of SEQ ID NO: 10 is shown in SEQ ID NO: 91. 

(13) An antibody that comprises a light chain variable region comprising FR1 in which 
Arg at position 18 in the amino acid sequence of SEQ ID NO: 1 1 (LFR1) has been substituted 
with another amino acid. 

10 The type of amino acid after substitution is not particularly limited; however, 

substitution to Ser is preferred. 

A sequence resulting from the substitution of Ser for Arg at position 1 8 in the amino 
acid sequence of SEQ ID NO: 1 1 is shown in SEQ ID NO: 92. 

(14) An antibody that comprises a light chain variable region comprising FR2 in which 
15 Lys at position 1 1 in the amino acid sequence of SEQ ID NO: 12 (LFR2) has been substituted 

with another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Glu is preferred. 

A sequence resulting from the substitution of Glu for Lys at position 1 1 in the amino 
20 acid sequence of SEQ ID NO: 12 is shown in SEQ ID NO: 93. 

(15) An antibody that comprises a light chain variable region comprising FR3 in which 
Gin at position 23 in the amino acid sequence of SEQ ID NO: 13 has been substituted with 
another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
25 substitution to Glu is preferred. 

A sequence resulting from the substitution of Glu for Gin at position 23 in the amino 
acid sequence of SEQ ID NO: 13 is shown in SEQ ID NO: 94. 

(16) An antibody that comprises a light chain variable region comprising FR3 in which 
Pro at position 24 in the amino acid sequence of SEQ ID NO: 13 has been substituted with 

30 another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Ala is preferred. 

A sequence resulting from the substitution of Ala for Pro at position 24 in the amino 
acid sequence of SEQ ID NO: 13 is shown in SEQ ID NO: 95. 
35 (17) An antibody that comprises a light chain variable region comprising FR3 in which 

He at position 27 in the amino acid sequence of SEQ ID NO: 13 has been substituted with 
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another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Ala is preferred. 

A sequence resulting from the substitution of Ala for He at position 27 in the amino acid 
5 sequence of SEQ ID NO: 13 is shown in SEQ ID NO: 96. 

(18) An antibody that comprises a light chain variable region comprising FR3 in which 
Gin at position 23, Pro at position 24, and He at position 27 in the amino acid sequence of SEQ 
ID NO: 13 (LFR3) have been substituted with other amino acids. 

The type of amino acid after substitution is not particularly limited; however, 
10 substitutions of Glu for Gin at position 23, Ala for Pro at position 24, and Ala for He at position 
27 are preferred. 

A sequence resulting from the substitutions of Glu for Gin at position 23, Ala for Pro at 

position 24, and Ala for He at position 27 in the amino acid sequence of SEQ ID NO: 13 is 

shown in SEQ ID NO: 97. 
15 (19) An antibody that comprises a light chain variable region comprising FR4 in which 

Lys at position 10 in the amino acid sequence of SEQ ID NO: 14 (LFR4) has been substituted 

with another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 

substitution to Glu is preferred. 
20 A sequence resulting from the substitution of Glu for Lys at position 10 in the amino 

acid sequence of SEQ ID NO: 14 is shown in SEQ ID NO: 98. 

(20) An antibody that comprises a heavy chain variable region comprising FR4 in which 
Ser at position 5 in the amino acid sequence of SEQ ID NO: 10 (HFR4) has been substituted 
with another amino acid. 

25 The type of amino acid after substitution is not particularly limited; however, 

substitution to Thr is preferred. 

A sequence resulting from the substitution of Thr for Ser at position 5 in the amino acid 
sequence of SEQ ID NO: 10 is shown in SEQ ID NO: 132. 

(21) An antibody that comprises a heavy chain variable region comprising FR4 in which 
30 Gin at position 3 and Ser at position 5 in the amino acid sequence of SEQ ID NO: 10 (HFR4) 

have been substituted with other amino acids. 

The type of amino acid after substitution is not particularly limited; however, 
substitutions of Glu for Gin at position 3 and Thr for Ser at position 5 are preferred. 

A sequence resulting from the substitutions of Glu for Gin at position 3 and Thr for Ser 
35 at position 5 in the amino acid sequence of SEQ ID NO: 10 is shown in SEQ ID NO: 133. 

(22) An antibody that comprises a heavy chain variable region of a humanized PM-1 
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antibody comprising the amino acid substitutions of (5), (6), (1 1), and (21). 

(23) An antibody that comprises a light chain variable region of a humanized PM-1 
antibody comprising the amino acid substitutions of (13), (14), (18), and (19). 

(24) An antibody that comprises the heavy chain variable region of (22) and the light 
5 chain variable region of (23). 

(25) An antibody that comprises a heavy chain variable region comprising CDR1 in 
which Ser at position 1 in the amino acid sequence of SEQ ID NO: 1 (HCDR1) has been 
substituted with another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
10 substitution of Asp is preferred. 

A sequence resulting from the substitution of Asp for Ser at position 1 in the amino acid 
sequence of SEQ ID NO: 1 is shown in SEQ ID NO: 28. 

(26) An antibody that comprises a heavy chain variable region comprising CDR2 in 
which Ser at position 16 in the amino acid sequence of SEQ ID NO: 2 has been substituted with 

1 5 another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution of Gly is preferred. 

A sequence resulting from the substitution of Gly for Ser at position 16 in the amino 
acid sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 99. 
20 (27) An antibody that comprises a heavy chain variable region comprising CDR2 in 

which Thr at position 9 and Ser at position 16 in the amino acid sequence of SEQ ID NO: 2 
(HCDR2) have been substituted with other amino acids. 

The type of amino acid after substitution is not particularly limited; however, 
substitutions of Asn for Thr at position 9 and Gly for Ser at position 16 are preferred. 
25 A sequence resulting from the substitutions of Asn for Thr at position 9 and Gly for Ser 

at position 16 in the amino acid sequence of SEQ ID NO: 2 is shown in SEQ ID NO: 100. 

(28) An antibody that comprises a light chain variable region comprising CDR1 in 
which Arg at position 1 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) has been 
substituted with another amino acid. 

30 The type of amino acid after substitution is not particularly limited; however, 

substitution of Gin is preferred. 

A sequence resulting from the substitution of Gin for Arg at position 1 in the amino acid 
sequence of SEQ ID NO: 4 is shown in SEQ ID NO: 101. 

(29) An antibody that comprises a light chain variable region comprising CDR2 in 

35 which Arg at position 4 in the amino acid sequence of SEQ ID NO: 5 has been substituted with 
another amino acid. 
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The type of amino acid after substitution is not particularly limited; however, 
substitution to Glu is preferred. 

A sequence resulting from the substitution of Glu for Arg at position 4 in the amino acid 
sequence of SEQ ID NO: 5 is shown in SEQ ID NO: 102. 
5 (30) An antibody that comprises a light chain variable region comprising CDR2 in 

which Thr at position 2 and Arg at position 4 in the amino acid sequence of SEQ ID NO: 5 
(LCDR2) have been substituted with other amino acids. 

The type of amino acid after substitution is not particularly limited; however, 
substitutions of Gly for Thr at position 2 and Glu for Arg at position 4 are preferred. 
10 A sequence resulting from the substitutions of Gly for Thr at position 2 and Glu for Arg 

at position 4 in the amino acid sequence of SEQ ID NO: 5 is shown in SEQ ID NO: 103. 

(31) An antibody that comprises a light chain variable region comprising CDR3 in 
which Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) has been 
substituted with another amino acid. 

15 The type of amino acid after substitution is not particularly limited; however, 

substitution to Ser is preferred. 

A sequence resulting from the substitution of Ser for Thr at position 5 in the amino acid 
sequence of SEQ ID NO: 6 is shown in SEQ ID NO: 77. 

(32) An antibody that comprises a heavy chain variable region comprising the amino 
20 acid substitutions of (25) and (27). 

(33) An antibody that comprises a light chain variable region comprising the amino acid 
substitutions of (28), (30), and (31). 

(34) An antibody that comprises the heavy chain variable region of (32) and the light 
chain variable region of (33). 

25 (35) An antibody that comprises a heavy chain variable region comprising the amino 

acid sequence of SEQ ID NO: 104 (VH of H53/L28). 

(36) An antibody that comprises a light chain variable region comprising the amino acid 
sequence of SEQ ID NO: 105 (VL of H53/L28). 

(37) An antibody that comprises the heavy chain variable region of (35) and the light 
30 chain variable region of (36). 

Any amino acid substitutions of (1) to (37) described above are preferably introduced 
into a humanized PM- 1 antibody. The present invention provides antibodies comprising at 
least the amino acid substitution of any one of (1) to (37) described above and methods for 
producing those antibodies. Thus, the antibodies of the present invention also include 
35 antibodies comprising other amino acid substitutions in addition to the amino acid substitution of 
any one of (1) to (37) described above. The antibodies of the present invention also include 
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antibodies comprising combinations of multiple amino acid substitutions of (1) to (37) described 
above. The amino acid substitutions of (1) to (37) described above include, for example, 
substitutions in the amino acid sequences of FR and CDR described above. Amino acid 
substitutions other than those of (1) to (37) described above include other substitutions, deletions, 
5 additions, and/or insertions in FR and CDR sequences than those described above. The amino 
acid substitutions also include substitutions, deletions, additions, and/or insertions in the amino 
acid sequences of constant regions. 

Furthermore, in addition to those described above, amino acid alternations that result in 
a lower isoelectric point without loss of the activity of anti-IL-6 receptor antibody, include, for 

10 example, substitutions of Lys at position 15 and/or Ser at position 16 in the amino acid sequence 
of SEQ ID NO: 2 with other amino acids. The type of amino acid after substitution is not 
particularly limited; however, substitutions of Gin for Lys at position 15 and Asp for Ser at 
position 16 are preferred. A sequence comprising the substitutions of Gin for Lys at position 15 
and Asp for Ser at position 16 in the amino acid sequence of SEQ ID NO: 2 is shown in SEQ ID 

15 NO: 121. Alternatively, such amino acid substitutions may also be introduced into the amino 
acid sequence of SEQ ID NO: 100. A sequence comprising the substitutions of Gin for Lys at 
position 15 and Asp for Gly at position 16 in the amino acid sequence of SEQ ID NO: 100 is 
shown in SEQ ID NO: 122. Thus, the present invention provides antibodies that comprise a 
heavy chain variable region comprising CDR2 in which Lys at position 15 and/or Ser at position 

20 16 in the amino acid sequence of SEQ ID NO: 2 or 100 have been substituted with other amino 
acids. 

Other alterations that result in a lower isoelectric point include substitution of Gin at 
position 4 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
acid. The type of amino acid after substitution is not particularly limited; however, substitution 

25 to Glu is preferred. An amino acid sequence comprising the substitution of Glu for Gin at 
position 4 in the amino acid sequence of SEQ ID NO: 4 is shown in SEQ ID NO: 123. 
Alternatively, this amino acid substitution may also be introduced into the amino acid sequence 
of SEQ ID NO: 101 . An amino acid sequence comprising the substitution of Glu for Gin at 
position 4 in the amino acid sequence of SEQ ID NO: 101 is shown in SEQ ID NO: 124. Thus, 

30 the present invention provides antibodies that comprise a light chain variable region comprising 
CDR1 in which Gin at position 4 in the amino acid sequence of SEQ ID NO: 4 or 101 has been 
substituted with another amino acid. 

Other alterations that result in a lower isoelectric point include substitution of His at 
position 6 in the amino acid sequence of SEQ ID NO: 5 with another amino acid. The type of 

35 amino acid after substitution is not particularly limited; however, substitution to Glu is preferred. 
An amino acid sequence comprising the substitution of Glu for His at position 6 in the amino 
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acid sequence of SEQ ID NO: 5 is shown in SEQ ID NO: 125. Alternatively, this amino acid 
substitution may also be introduced into the amino acid sequence of SEQ ID NO: 103. An 
amino acid sequence comprising the substitution of Glu for His at position 6 in the amino acid 
sequence of SEQ ID NO: 103 is shown in SEQ ID NO: 126. Thus, the present invention 
5 provides antibodies that comprise a light chain variable region comprising CDR2 in which His at 
position 6 in the amino acid sequence of SEQ ID NO: 5 or 103 has been substituted with another 
amino acid. 

Furthermore, alternations that result in reduced immunogenicity risk include 
substitution of Val for Ala at position 27 (H89 in Kabat's numbering system) in the amino acid 

10 sequence of heavy chain FR3 of SEQ ID NO: 90. An amino acid sequence comprising the 

substitution of Val for Ala at position 27 in the amino acid sequence of SEQ ID NO: 90 is shown 
in SEQ ID NO: 127. Thus, the present invention provides antibodies that comprise a heavy 
chain variable region comprising FR3 in which Val has been substituted for Ala at position 27 in 
the amino acid sequence of SEQ ID NO: 90. 

1 5 The only mouse sequence that remains in the amino acid sequences of heavy chain FR3 

of SEQ ID NO: 9 and 90 is Arg at position 6 (H71 in Kabat's numbering system). Anti-human 
IL-6 receptor antibodies having a framework consisting entirely of human sequences can be 
produced by using as a FR3 sequence, the human sequence of human VH1 subclass (SEQ ID 
NO: 128) or human VH3 subclass (SEQ ID NO: 129) where Arg is conserved at H71. Thus, 

20 the present invention provides antibodies that comprise a heavy chain variable region comprising 
the FR3 of SEQ ID NO: 128 or 129. 

Furthermore, alternations that improve stability include substitution of He for Ser at 
position 5 (HI 07 in Kabat's numbering system) in the amino acid sequence of heavy chain FR4 
of SEQ ID NO: 10. An amino acid sequence comprising the substitution of He for Ser at 

25 position 5 in the amino acid sequence of SEQ ID NO: 10 is shown in SEQ ID NO: 130. 

Alternatively, this amino acid sequence may also be introduced into the amino acid sequence of 
SEQ ID NO: 91 . An amino acid sequence comprising the substitution of He for Ser at position 
5 in the amino acid sequence of SEQ ID NO: 91 is shown in SEQ ID NO: 131. Thus, the 
present invention provides antibodies that comprise a heavy chain variable region comprising 

30 FR4 in which He has been substituted for Ser at position 5 in the amino acid sequence of SEQ ID 
NO: 10 or 91. 

Such amino acid substitutions are preferably introduced into the humanized PM-1 
antibody, H53/L28 (an antibody comprising the heavy chain variable region of SEQ ID NO: 104 
and the light chain variable region of SEQ ID NO: 105), or PF1 antibody (an antibody 
35 comprising the heavy chain variable region of SEQ ID NO: 22 and the light chain variable 

region of SEQ ID NO: 23). The present invention provides antibodies comprising at least such 
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amino acid substitutions and methods for producing the antibodies. Thus, the antibodies of the 
present invention include antibodies comprising, in addition to such amino acid substitutions, the 
amino acid substitution of any one of (1) to (37) described above and/or other amino acid 
substitutions than those of (1) to (37) described above. Amino acid substitutions other than 
5 those of (1) to (37) described above include other substitutions, deletions, additions, and/or 

insertions in FR and CDR sequences than those described above. The amino acid substitutions 
also include substitutions, deletions, additions, and/or insertions in the amino acid sequences of 
constant regions. 

<Anti-human IL-6 receptor antibodies with low isoelectric point> 

10 The present invention also provides anti-IL-6 receptor antibodies with a low isoelectric 

point. The antibodies of the present invention with low isoelectric point include antibodies in 
which the measured isoelectric point of the whole antibody is low and antibodies in which the 
theoretical isoelectric point of the variable region (VH/VL) is low. 

Herein, "anti-IL-6 receptor antibodies in which the measured isoelectric point of the 

15 whole antibody is low" typically refers to antibodies in which the measured isoelectric point is 
7.5 or less, preferably 7.0 or less, and more preferably 6.0 or less. The measured isoelectric 
point can be determined by methods known to those skilled in the art, for example, 
non-denaturation gel isoelectric focusing or capillary isoelectric focusing. 

Herein, "anti-IL-6 receptor antibodies in which the theoretical isoelectric point of the 

20 variable region is low" typically refers to antibodies in which the theoretical isoelectric point is 
5.5 or less, preferably 5.0 or less, and more preferably 4.0 or less. The theoretical isoelectric 
point can be determined by methods known to those skilled in the art. For example, the 
theoretical isoelectric points of VH and VL of a variable region can be computed by using 
software such as GENET YX (GENETYX CORPORATION). 

25 There is no limitation on the type of amino acid substitution to be introduced to obtain 

anti-IL-6 receptor antibodies of the present invention with low isoelectric point. Such amino 
acid substitutions include, for example, the amino acid substitutions described above. Such 
anti-IL-6 receptor antibodies with low isoelectric point are assumed to show enhanced 
pharmacokinetics . 

30 The type of IL-6 receptor is not particularly limited; however, human IL-6 receptor is 

preferred. 

<Anti-human IL-6 receptor antibodies that are stable at high concentrations> 

Furthermore, the present invention provides anti-IL-6 receptor antibodies that are stable 
at high concentrations. 

35 Herein, "stable at high concentrations" means that the increase in the proportion of 

aggregates of anti-IL-6 receptor antibody ([peak area for aggregate in gel filtration 
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chromato gram] /[total peak area in gel filtration chromatogram] x 100) generated in a 
high- concentration antibody solution (100 mg/ml) at 25°C in one month is 0.3% or less, 
preferably 0.2% or less, and more preferably 0. 1% or less when the antibody is in a buffer of pH 
6.5 to 7.0 properly selected for subcutaneous administration, for example, 20 mM histidine-HCl, 
5 150 mM NaCl. The concentration of anti-IL-6 receptor antibody may be 100 mg/ml or higher, 
for example, 200 or 300 mg/ml. 

There is no limitation on the anti-IL-6 receptor antibodies of the present invention that 
are stable at high concentrations. The antibodies can be prepared, for example, with the 
above-described amino acid substitutions or such. 
10 The type of IL-6 receptor is not particularly limited; however, human IL-6 receptor is 

preferred. 

The present invention also provides humanized PM-1 antibodies comprising any one of 
the amino acid substitutions of (1) to (37) described above and further comprising any of the 
amino acid substitutions of (a) to (y) described above to improve their binding activity and/or 
1 5 neutralizing activity. In an embodiment, such antibodies include those comprising a heavy 
chain variable region comprising the amino acid sequence of SEQ ID NO: 22 (PF1H) and a 
light chain variable region comprising the amino acid sequence of SEQ ID NO: 23 (PF1L) 
(PF1), but are not limited thereto. 

Furthermore, the present invention provides anti-IL-6 receptor antibodies of any of the 
20 following: 

(A) a heavy chain variable region that comprises CDR1 comprising the amino acid sequence of 
SEQ ID NO: 165 (CDR1 of VH5-M83), CDR2 comprising the amino acid sequence of SEQ ID 
NO: 166 (CDR2 of VH5-M83), and CDR3 comprising the amino acid sequence of SEQ ID 
NO: 167 (CDR3 of VH5-M83); 
25 (B) a light chain variable region that comprises CDR1 comprising the amino acid sequence of 

SEQ ID NO: 101 (CDR1 of VL5), CDR2 comprising the amino acid sequence of SEQ ID NO: 

168 (CDR2 of VL5), and CDR3 comprising the amino acid sequence of SEQ ID NO: 79 (CDR3 

ofVL5); 

(C) an antibody that comprises the heavy chain variable region of (A) and the light chain 
30 variable region of (B); 

(D) a heavy chain variable region that comprises CDR1 comprising the amino acid sequence of 
SEQ ID NO: 169 (CDR1 of VH3-M73), CDR2 comprising the amino acid sequence of SEQ ID 
NO: 170 (CDR2 of VH3-M73), and CDR3 comprising the amino acid sequence of SEQ ID NO: 
171 (CDR3 of VH3-M73); 

35 (E) a light chain variable region that comprises CDR1 comprising the amino acid sequence of 
SEQ ID NO: 172 (CDR1 of VL3), CDR2 comprising the amino acid sequence of SEQ ID NO: 
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173 (CDR2 of VL3), and CDR3 comprising the amino acid sequence of SEQ ID NO: 79 (CDR3 

ofVL3); 

(F) an antibody that comprises the heavy chain variable region of (D) and the light chain variable 
region of (E); 

5 (G) a heavy chain variable region that comprises CDR1 comprising the amino acid sequence of 
SEQ ID NO: 169 (CDR1 of VH4-M73), CDR2 comprising the amino acid sequence of SEQ ID 
NO: 174 (CDR2 of VH4-M73), and CDR3 comprising the amino acid sequence of SEQ ID NO: 
171 (CDR3 of VH4-M73); 

(H) a light chain variable region that comprises CDR1 comprising the amino acid sequence of 
10 SEQ ID NO: 175 (CDR1 of VL1), CDR2 comprising the amino acid sequence of SEQ ID NO: 

173 (CDR2 of VL1), and CDR3 comprising the amino acid sequence of SEQ ID NO: 79 (CDR3 
of VL1); and 

(I) an antibody that comprises the heavy chain variable region of (G) and the light chain variable 
region of (H). 

15 Furthermore, the present invention provides anti-IL-6 receptor antibodies of any of the 

following: 

(a) an antibody that comprises a heavy chain variable region comprising the amino acid sequence 
of SEQ ID NO: 159 (H96-IgGl variable region); 

(b) an antibody that comprises a heavy chain variable region in which at least one of amino acids 
20 of Trp at position 35, Tyr at position 51, Ser at position 63, Lys at position 65, Gly at position 66, 

Val at position 99, He at position 103, Tyr at position 108, Glu at position 111, and Thr at 
position 1 13 in the amino acid sequence of SEQ ID NO: 159 (H96-IgGl variable region) has 
been substituted with another amino acid; 

(c) an antibody that comprises a heavy chain variable region comprising an amino acid sequence 
25 in which Lys at position 65, Gly at position 66, Val at position 99, He at position 103, Glu at 

position 111, and Thr at position 1 13 in the amino acid sequence of SEQ ID NO: 159 (H96-IgGl 
variable region) have been substituted with other amino acids; 

(d) an antibody that comprises a heavy chain variable region comprising an amino acid sequence 
in which Trp at position 35, Tyr at position 51, Ser at position 63, Lys at position 65, Gly at 

30 position 66, Val at position 99, He at position 103, and Tyr at position 108 in the amino acid 
sequence of SEQ ID NO: 159 (H96-IgGl variable region) have been substituted with other 
amino acids; 

(e) an antibody that comprises a heavy chain variable region comprising the amino acid sequence 
of SEQ ID NO: 160 (F2H-IgGl variable region); 

35 (f) an antibody that comprises a heavy chain variable region comprising the amino acid sequence 
of SEQ ID NO: 161 (VH5-M83 variable region); 
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(g) an antibody that comprises a light chain variable region comprising an amino acid sequence 
in which Gin at position 27 and/or His at position 55 in the amino acid sequence of SEQ ID NO: 
23 (PF1L) have been substituted with other amino acids; 

(h) an antibody that comprises a light chain variable region comprising the amino acid sequence 
5 of SEQ ID NO: 162 (L39 variable region); 

(i) an antibody that comprises a light chain variable region comprising the amino acid sequence 
of SEQ ID NO: 163 (VL5-kappa variable region); 

(j) an antibody that comprises a heavy chain variable region comprising the amino acid sequence 
of SEQ ID NO: 176 (VH3-M73 variable region); 
1 0 (k) an antibody that comprises a heavy chain variable region comprising the amino acid 
sequence of SEQ ID NO: 178 (VH4-M73 variable region); 

(1) an antibody that comprises a light chain variable region comprising the amino acid sequence 
of SEQ ID NO: 177 (VL3-kappa variable region); 

(m) an antibody that comprises a light chain variable region comprising the amino acid sequence 
15 of SEQ ID NO: 179 (VLl-kappa variable region); 

(n) an antibody that comprises the heavy chain variable region of (e) and the light chain variable 
region of (h); 

(o) an antibody that comprises the heavy chain variable region of (f) and the light chain variable 
region of (i) (combination of FV5-M83 variable regions); 
20 (p) an antibody that comprises the heavy chain variable region of (j) and the light chain variable 
region of (1) (combination of FV4-M73 variable regions); and 

(q) an antibody that comprises the heavy chain variable region of (k) and the light chain variable 
region of (m) (combination of FV3-M73 variable regions). 

The type of amino acid after substitution is not particularly limited in the amino acid 

25 substitution of the heavy chain variable regions of (a) to (d) above; however, substitutions of Val 
for Trp at position 35, Phe for Tyr at position 51, Thr for Ser at position 63, Gin for Lys at 
position 65, Asp for Gly at position 66, Leu for Val at position 99, Ala for He at position 103, 
Val for Tyr at position 108, Gin for Glu at position 1 1 1, He for Thr at position 113 are preferred. 
Alternatively, the type of amino acid after substitution is not particularly limited in the amino 

30 acid substitution of the light chain variable region of (g) above; however, substitutions of Glu for 
Gin at position 27 and Glu for His at position 55 are preferred. Amino acid substitutions, 
deletions, insertions, and/or additions other than the amino acid substitution described above 
may be included. 

The antibody constant regions of the present invention are not particularly limited, and 
35 any constant regions may be used. For example, constant regions comprising a natural 

sequence such as IgGl, IgG2, and IgG4 and altered constant regions prepared by introducing 



Translation for WO 2009/041621 

45 



amino acid substitutions, deletions, additions, and/or insertions into a constant region comprising 
a natural sequence can be used. The examples of such altered constant regions include the 
constant regions described below. 

The examples of antibodies using the variable regions of the present invention 
5 mentioned above include: 

(1) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID 
NO: 134 (H96-IgGl); 

(2) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID 
NO: 135 (F2H-IgGl); 

10 (3) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID 
NO: 137 (VH5-IgGl); 

(4) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID 
NO: 139 (VH5-M83); 

(5) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID 
15 NO: 136 (L39); 

(6) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID 
NO: 138 (VL5-kappa); 

(7) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID 
NO: 180(VH3-M73); 

20 (8) an antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID 
NO: 182(VH4-M73); 

(9) an antibody that comprises a light chain comprising the amino acid sequence of SEQ ID NO: 
181 (VL3 -kappa); 

(10) an antibody that comprises a light chain comprising the amino acid sequence of SEQ ID 
25 NO: 183 (VL1 -kappa); 

(1 1) an antibody that comprises the heavy chain of (2) and the light chain of (5); 

(12) an antibody that comprises the heavy chain of (3) and the light chain of (6); 

(13) an antibody that comprises the heavy chain of (4) and the light chain of (6) (FV5-M83); 

(14) an antibody that comprises the heavy chain of (7) and the light chain of (9) (FV4-M73); 
30 (15) an antibody that comprises the heavy chain of (8) and the light chain of (10) (FV3-M73); 

and 

(16) an antibody having an activity equivalent to that of any of the antibodies of (1) to (15). 

Herein, "having equivalent activity" means that the antigen binding activity and/or 
neutralizing activity are equivalent. "Equivalent activity" in the present invention does not 
35 necessarily mean completely identical activity, but may be, for example, 50% or more of the 
activity, preferably 70% or more, and more preferably 90% or more. 
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Furthermore, the present invention provides CDR and FR of any of the following: 

(i) a heavy chain FR1 that comprises the amino acid sequence of SEQ ID NO: 84 (heavy chain 
FR1 of VH5); 

(ii) a heavy chain FR1 that comprises the amino acid sequence of SEQ ID NO: 186 (heavy chain 
5 FR1 of VH3 and VH4); 

(iii) a heavy chain FR2 that comprises the amino acid sequence of SEQ ID NO: 85 (heavy chain 
FR2 of VH3, VH4, and VH5); 

(iv) a heavy chain FR3 that comprises the amino acid sequence of SEQ ID NO: 184 (heavy chain 
FR3 of VH3, VH4, and VH5); 

10 (v) a heavy chain FR4 that comprises the amino acid sequence of SEQ ID NO: 133 (heavy chain 
FR4 of VH3, VH4, and VH5); 

(vi) a light chain FR1 that comprises the amino acid sequence of SEQ ID NO: 92 (light chain 
FR1 of VL1, VL3, and VL5); 

(vii) a light chain FR2 that comprises the amino acid sequence of SEQ ID NO: 93 (light chain 
15 FR2 of VL1, VL3, and VL5); 

(viii) a light chain FR3 that comprises the amino acid sequence of SEQ ID NO: 97 (light chain 
FR3 of VL1, VL3, and VL5); 

(ix) a light chain FR4 that comprises the amino acid sequence of SEQ ID NO: 98 (light chain 
FR4 of VL1, VL3, and VL5); 

20 (x) a heavy chain CDR1 that comprises the amino acid sequence of SEQ ID NO: 169 (heavy 
chain CDR1 of VH3 and VH4); 

(xi) a heavy chain CDR1 that comprises the amino acid sequence of SEQ ID NO: 165 (heavy 
chain CDR1 ofVH5); 

(xii) a heavy chain CDR2 that comprises the amino acid sequence of SEQ ID NO: 170 (heavy 
25 chain CDR2 of VH3); 

(xiii) a heavy chain CDR2 that comprises the amino acid sequence of SEQ ID NO: 174 (heavy 
chain CDR2 ofVH4); 

(xiv) a heavy chain CDR2 that comprises the amino acid sequence of SEQ ID NO: 166 (heavy 
chain CDR2 ofVH5); 

30 (xv) a heavy chain CDR3 that comprises the amino acid sequence of SEQ ID NO: 171 (heavy 
chain CDR3 of VH3 and VH4); 

(xvi) a heavy chain CDR3 that comprises the amino acid sequence of SEQ ID NO: 167 (heavy 
chain CDR3 ofVH5); 

(xvii) a light chain CDR1 that comprises the amino acid sequence of SEQ ID NO: 175 (light 
35 chain CDR1 ofVLl; 

(xviii) a light chain CDR1 that comprises the amino acid sequence of SEQ ID NO: 172 (light 
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chain CDR1 of VL3); 

(xix) a light chain CDR1 that comprises the amino acid sequence of SEQ ID NO: 101 (light 
chain CDR1 ofVL5); 

(xx) a light chain CDR2 that comprises the amino acid sequence of SEQ ID NO: 173 (light chain 
5 CDR2 of VL1 and VL3); 

(xxi) a light chain CDR2 that comprises the amino acid sequence of SEQ ID NO: 168 (light 
chain CDR2 of VL5); and 

(xxii) a light chain CDR3 that comprises the amino acid sequence of SEQ ID NO: 79 (light chain 
CDR3 of VL1, VL3, and VL5). 

1 0 The antibodies of the present invention also include fragments and processed products 

of antibodies comprising any of the amino acid substitutions described above. Such antibody 
fragments include, for example, Fab, F(ab')2, Fv, single chain Fv (scFv) in which H and L 
chains are linked together via an appropriate linker, single domain H chain and single domain L 
chain (for example, Nat. Biotechnol. 2005 Sep;23(9):l 126-36), Unibody (WO 2007059782 Al), 

15 and SMIP (WO 2007014278 A2). The origin of antibodies is not particularly limited. The 
antibodies include human, mouse, rat, and rabbit antibodies. The antibodies of the present 
invention may be chimeric, humanized, fully humanized antibodies, or such. 

Specifically, such antibody fragments are obtained by treating antibodies with an 
enzyme, for example, papain or pepsin, or by constructing genes to encode such antibody 

20 fragments, inserting them into expression vectors, and then expressing them in appropriate host 
cells (see, for example, Co, M. S. et al., J. Immunol. (1994) 152, 2968-2976; Better, M. and 
Horwitz, A. H. Methods in Enzymology (1989) 178, 476-496; Pliickthun, A.; Skerra, A., 
Methods in Enzymology (1989) 178, 497-515; Lamoyi, E., Methods in Enzymology (1989) 121, 
652-663; Rousseaux, J. et al. 9 Methods in Enzymology (1989) 121, 663-66; Bird, R. E. et aL 9 

25 TIBTECH (1991) 9, 132-137). 

scFv is obtained by linking V regions of antibody H and L chains. In such scFv, the H 
chain V region is linked to the L chain V region via a linker, preferably a peptide linker (Huston, 
J. S. et al. 9 Proc. Natl. Acad. Sci. USA (1988) 85, 5879-5883). The H chain and L chain V 
regions in an scFv may be derived from any of the antibodies described above. The peptide 

30 linker to link the V regions includes, for example, arbitrary single chain peptides of 12 to 19 
amino acid residues. 
<Antibody constant regions> 

The present invention also provides the antibody constant regions of (i) to (xxi) 
described below, which have been improved through amino acid substitution. The constant 

35 region refers to IgGl, IgG2, or IgG4 type constant region. The amino acid sequences of human 
IgGl, IgG2, and IgG4 constant regions are known (human IgGl constant region, SEQ ID NO: 
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19; human IgG2 constant region, SEQ ID NO: 20; and human IgG4 constant region, SEQ ID 
NO: 21). The sequence of human IgG4 constant region has been altered to improve the 
stability of the hinge region (Mol. Immunol. 1993 Jan;30(l): 105-8). The present invention also 
provides antibodies that comprise such an amino acid substitution-containing antibody constant 
5 region. The antibody constant regions are preferably human antibody constant regions. 

The amino acid substitution-containing antibody constant regions of the present 
invention may comprise other amino acid substitutions or modifications as long as they comprise 
the amino acid substitution of any one of (i) to (xxi) described below. Therefore, IgG2 constant 
regions comprising the amino acid substitutions of the present invention in the IgG2 constant 

10 region comprising the amino acid sequence of SEQ ID NO: 20 include IgG2 constant regions 
that comprise one or more amino acid substitutions and/or modifications in the amino acid 
sequence of SEQ ID NO: 20 and further comprise the amino acid substitutions of the present 
invention, as well as IgG2 constant regions that comprise the amino acid substitutions of the 
present invention and further comprise one or more amino acid substitutions and/or 

15 modifications. The same applies to IgGl constant regions comprising the amino acid sequence 
of SEQ ID NO: 19 and IgG4 constant regions comprising the amino acid sequence of SEQ ID 
NO: 21. 

Furthermore, the sugar chain at position 297 in the EU numbering system (see 
sequences of proteins of immunological interest, NIH Publication No. 9 1-3242) may be of any 

20 sugar-chain structure, or there may not be any sugar chain linked at this site (for example, 
constant regions produced in host cells where glycosylation does not occur, such as E. coli). 
(i) Improvement of the stability of IgG2 constant region at acidic conditions 

In an embodiment, the IgG2 constant region of the present invention comprising amino 
acid substitutions includes IgG2 constant regions in which Met at position 276 (position 397 in 

25 the EU numbering system) in the amino acid sequence of SEQ ID NO: 20 has been substituted 
with another amino acid. The type of amino acid after substitution is not particularly limited; 
however, substitution to Val is preferred. The antibody stability under acidic conditions can be 
improved by substituting Met at position 276 (position 397 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20 with another amino acid. 

30 (ii) Improvement of the heterogeneity of IgG2 constant region 

In an embodiment, the IgG2 constant region of the present invention comprising amino 
acid substitutions includes IgG2 constant regions in which Cys at position 14 (position 131 in the 
EU numbering system), Arg at position 16 (position 133 in the EU numbering system), and Cys 
at position 102 (position 219 in the EU numbering system) in the amino acid sequence of SEQ 

35 ID NO: 20 have been substituted with other amino acids. The type of amino acid after 

substitution is not particularly limited; however, substitutions of Ser for Cys at position 14 
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(position 131 in the EU numbering system), Lys for Arg at position 16 (position 133 in the EU 
numbering system), and Ser for Cys at position 102 (position 219 in the EU numbering system) 
(IgG2-SKSC) are preferred. 

These substitutions can reduce the heterogeneity originated from the hinge region of 
5 IgG2. The IgG2 constant regions of the present invention comprising amino acid substitutions 
include IgG2 constant regions comprising at least one of the three types of amino acid 
substitutions described above; however, the IgG2 constant regions preferably comprise 
substitutions of Cys at position 14 and Cys at position 102 with other amino acids or all three 
types of the amino acid substitutions described above. 

10 (iii) Impairment of the binding of IgG2 constant region to FcyR 

In an embodiment, the present invention also provides IgG2 constant regions 
comprising an amino acid sequence in which Ala at position 209 (EU330), Pro at position 210 
(EU331), and/or Thr at position 218 (EU339) of the amino acid sequence of SEQ ID NO: 20 
have been substituted with Ser, Ser, and Ala, respectively. The substitutions for Ala at position 

15 209 (EU330) and for Pro at position 210 (EU331) have already been reported to enable the 

impairment of the Fey receptor binding (Eur. J. Immunol. 1999 Aug;29(8):26 13-24). From the 
perspective of immunogenicity risk, however, these alterations are not preferred because they 
result in generation of non-human derived peptides that can become T-cell epitopes. However, 
the Fey receptor binding of IgG2 can be reduced by substituting Ala for Thr at position 218 

20 (EU339) at the same time, and the 9-12 amino acid peptides which can become T-cell epitopes 
are derived from human only. 

The IgG2 constant regions of the present invention comprising amino acid substitutions 
comprise at least one of the three types of amino acid substitutions described above; however, 
the IgG2 constant regions preferably comprise all three types of the amino acid substitutions 

25 described above. In a preferred embodiment, the IgG2 constant regions of the present invention 
comprising amino acid substitutions include IgG2 constant regions comprising an amino acid 
sequence in which Ala at position 209 (EU330), Pro at position 210 (EU331), and Thr at position 
218 (EU339) in the amino acid sequence of SEQ ID NO: 20 have been substituted with Ser, Ser, 
and Ala, respectively. 

30 (iv) Improvement of the C-terminal heterogeneity of IgG2 constant region 

The present invention provides IgG2 constant regions comprising an amino acid 
sequence in which Gly at position 325 (position 446 in the EU numbering system) and Lys at 
position 326 (position 447 in the EU numbering system) have been deleted in the amino acid 
sequence of SEQ ID NO: 20. The heterogeneity originated from the C terminus of antibody H 

35 chain can be reduced only when both of the amino acids are deleted. 

(v) Improvement of the pharmacokinetics by altering IgG2 constant region 
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An embodiment of the IgG2 constant regions with amino acid substitutions of the 
present invention includes IgG2 constant regions in which His at position 147 (position 268 in 
the EU numbering system), Arg at position 234 (position 355 in the EU numbering system), and 
Gin at position 298 (position 419 in the EU numbering system) in the amino acid sequence of 
5 SEQ ID NO: 20 have been substituted with other amino acids. These amino acid substitutions 
enable to improve antibody pharmacokinetics. The type of amino acid after substitution is not 
particularly limited; however, substitutions of Gin for His at position 147 (position 268 in the EU 
numbering system), Gin for Arg at position 234 (position 355 in the EU numbering system), and 
Glu for Gin at position 298 (position 419 in the EU numbering system) are preferred. The IgG2 
1 0 constant regions with amino acid substitutions of the present invention include IgG2 constant 
regions comprising at least one of the three types of the amino acid substitutions described 
above; however, the IgG2 constant regions preferably comprise all three types of the amino acid 
substitutions described above. 

(vi) Improvement of the stability of IgG4 constant region at acidic conditions 

15 The present invention provides IgG4 constant regions comprising an amino acid 

sequence in which Arg at position 289 (position 409 in the EU numbering system) of the amino 
acid sequence of SEQ ID NO: 21 has been substituted with another amino acid. The type of 
amino acid after substitution is not particularly limited; however, substitution to Lys is preferred. 
The antibody stability under acidic conditions can be improved by substituting Arg at position 

20 289 (position 409 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 21 
with another amino acid. 

(vii) Improvement of the C-terminal heterogeneity of IgG4 constant region 

The present invention provides IgG4 constant regions comprising an amino acid 
sequence in which Gly at position 326 (position 446 in the EU numbering system) and Lys at 
25 position 327 (position 447 in the EU numbering system) have been deleted in the amino acid 

sequence of SEQ ID NO: 21 . The heterogeneity originated from the C terminus of antibody H 
chain can be reduced only when both of the amino acids are deleted. 

(viii) Improvement of the C-terminal heterogeneity of IgGl constant region 

The present invention provides IgGl constant regions comprising an amino acid 
30 sequence in which Gly at position 329 (position 446 in the EU numbering system) and Lys at 
position 330 (position 447 in the EU numbering system) have been deleted in the amino acid 
sequence of SEQ ID NO: 19. The heterogeneity originated from the C terminus of antibody H 
chain can be reduced only when both of the amino acids are deleted, 
(ix) 

35 The present invention provides IgGl constant regions comprising an amino acid 

sequence in which Asn at position 317 (position 434 in the EU numbering system) in the amino 
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acid sequence of SEQ ID NO: 19 has been substituted with another amino acid. 

The type of amino acid after substitution is not particularly limited; however, 
substitution to Ala is preferred. 

(x) 

5 The present invention provides IgG2 constant regions comprising an amino acid 

sequence in which Ala at position 209 (position 330 in the EU numbering system), Pro at 
position 210 (position 331 in the EU numbering system), Thr at position 218 (position 339 in the 
EU numbering system), Met at position 276 (position 397 in the EU numbering system), Cys at 
position 14 (position 131 in the EU numbering system), Arg at position 16 (position 133 in the 

10 EU numbering system), Cys at position 102 (position 219 in the EU numbering system), Glu at 
position 20 (position 137 in the EU numbering system), and Ser at position 21 (position 138 in 
the EU numbering system) in the amino acid sequence of SEQ ID NO: 20 have been substituted 
with other amino acids. 

The type of amino acid after substitution is not particularly limited; however, 

15 substitutions of Ser for Ala at position 209, Ser for Pro at position 210, Ala for Thr at position 
218, Val for Met at position 276, Ser for Cys at position 14, Lys for Arg at position 16, Ser for 
Cys at position 102, Gly for Glu at position 20, and Gly for Ser at position 21 are preferred, 
(xi) 

The present invention provides IgG2 constant regions comprising an amino acid 
20 sequence in which Ala at position 209 (position 330 in the EU numbering system), Pro at 

position 210 (position 331 in the EU numbering system), Thr at position 218 (position 339 in the 
EU numbering system), Met at position 276 (position 397 in the EU numbering system), Cys at 
position 14 (position 131 in the EU numbering system), Arg at position 16 (position 133 in the 
EU numbering system), Cys at position 102 (position 219 in the EU numbering system), Glu at 
25 position 20 (position 137 in the EU numbering system), and Ser at position 21 (position 138 in 
the EU numbering system) have been substituted with other amino acids, and simultaneously 
Gly at position 325 (position 446 in the EU numbering system) and Lys at position 326 (position 
447 in the EU numbering system) have been deleted in the amino acid sequence of SEQ ID NO: 
20. 

30 The type of amino acid after substitution is not particularly limited; however, 

substitutions of Ser for Ala at position 209, Ser for Pro at position 210, Ala for Thr at position 
218, Val for Met at position 276, Ser for Cys at position 14, Lys for Arg at position 16, Ser for 
Cys at position 102, Gly for Glu at position 20, and Gly for Ser at position 21 are preferred, 
(xii) 

35 The present invention provides IgG2 constant regions comprising an amino acid 

sequence in which Met at position 276 (position 397 in the EU numbering system), Cys at 
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position 14 (position 131 in the EU numbering system), Arg at position 16 (position 133 in the 
EU numbering system), Cys at position 102 (position 219 in the EU numbering system), Glu at 
position 20 (position 137 in the EU numbering system), and Ser at position 21 (position 138 in 
the EU numbering system) in the amino acid sequence of SEQ ID NO: 20 have been substituted 
5 with other amino acids. 

The type of amino acid after substitution is not particularly limited; however, 
substitutions of Val for Met at position 276, Ser for Cys at position 14, Lys for Arg at position 16, 
Ser for Cys at position 102, Gly for Glu at position 20, and Gly for Ser at position 21 are 
preferred. 
10 (xiii) 

The present invention provides IgG2 constant regions comprising an amino acid 
sequence in which Met at position 276 (position 397 in the EU numbering system), Cys at 
position 14 (position 131 in the EU numbering system), Arg at position 16 (position 133 in the 
EU numbering system), Cys at position 102 (position 219 in the EU numbering system), Glu at 
15 position 20 (position 137 in the EU numbering system), and Ser at position 21 (position 138 in 
the EU numbering system) have been substituted with other amino acids, and simultaneously 
Gly at position 325 (position 446 in the EU numbering system) and Lys at position 326 (position 
447 in the EU numbering system) have been deleted in the amino acid sequence of SEQ ID NO: 
20. 

20 The type of amino acid after substitution is not particularly limited; however, 

substitutions of Val for Met at position 276, Ser for Cys at position 14, Lys for Arg at position 16, 
Ser for Cys at position 102, Gly for Glu at position 20, and Gly for Ser at position 21 are 
preferred, 
(xiv) 

25 The present invention provides IgG2 constant regions comprising an amino acid 

sequence in which Cys at position 14 (position 131 in the EU numbering system), Arg at position 
16 (position 133 in the EU numbering system), Cys at position 102 (position 219 in the EU 
numbering system), Glu at position 20 (position 137 in the EU numbering system), Ser at 
position 21 (position 138 in the EU numbering system), His at position 147 (position 268 in the 

30 EU numbering system), Arg at position 234 (position 355 in the EU numbering system), and Gin 
at position 298 (position 419 in the EU numbering system) have been substituted with other 
amino acids, and simultaneously Gly at position 325 (position 446 in the EU numbering system) 
and Lys at position 326 (position 447 in the EU numbering system) have been deleted in the 
amino acid sequence of SEQ ID NO: 20. 

35 The type of amino acid after substitution is not particularly limited; however, 

substitutions of Ser for Cys at position 14, Lys for Arg at position 16, Ser for Cys at position 102, 
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Gly for Glu at position 20, Gly for Ser at position 21, Gin for His at position 147, Gin for Arg at 
position 234, and Glu for Gin at position 298 are preferred. 

(XV) 

The present invention provides IgG2 constant regions comprising an amino acid 
5 sequence in which Cys at position 14 (position 131 in the EU numbering system), Arg at position 
16 (position 133 in the EU numbering system), Cys at position 102 (position 219 in the EU 
numbering system), Glu at position 20 (position 137 in the EU numbering system), Ser at 
position 21 (position 138 in the EU numbering system), His at position 147 (position 268 in the 
EU numbering system), Arg at position 234 (position 355 in the EU numbering system), Gin at 
10 position 298 (position 419 in the EU numbering system), and Asn at position 313 (position 434 
in the EU numbering system) have been substituted with other amino acids, and simultaneously 
Gly at position 325 (position 446 in the EU numbering system) and Lys at position 326 (position 
447 in the EU numbering system) have been deleted in the amino acid sequence of SEQ ID NO: 
20. 

15 The type of amino acid after substitution is not particularly limited; however, 

substitutions of Ser for Cys at position 14, Lys for Arg at position 16, Ser for Cys at position 102, 
Gly for Glu at position 20, Gly for Ser at position 21, Gin for His at position 147, Gin for Arg at 
position 234, Glu for Gin at position 298, and Ala for Asn at position 313 are preferred, 
(xvi) 

20 The present invention provides IgG4 constant regions comprising an amino acid 

sequence in which Arg at position 289 (position 409 in the EU numbering system), Cys at 
position 14, Arg at position 16, Glu at position 20, Ser at position 21, Arg at position 97, Ser at 
position 100, Tyr at position 102, Gly at position 103, Pro at position 104, and Pro at position 
105 (positions 131, 133, 137, 138,214,217,219, 220, 221, and 222 in the EU numbering system, 

25 respectively), Glu at position 113, Phe at position 1 14, and Leu at position 115 (positions 233, 
234, and 235 in the EU numbering system, respectively) have been substituted with other amino 
acids, and simultaneously Gly at position 116 (position 236 in the EU numbering system) has 
been deleted in the amino acid sequence of SEQ ID NO: 21. 

The type of amino acid after substitution is not particularly limited; however, 

30 substitutions of Ser for Cys at position 14 (position 13 1 in the EU numbering system), Lys for 
Arg at position 16 (position 133 in the EU numbering system), Gly for Glu at position 20 
(position 137 in the EU numbering system), Gly for Ser at position 21 (position 138 in the EU 
numbering system), Thr for Arg at position 97 (position 214 in the EU numbering system), Arg 
for Ser at position 100 (position 217 in the EU numbering system), Ser for Tyr at position 102 

35 (position 219 in the EU numbering system), Cys for Gly at position 103 (position 220 in the EU 
numbering system), Val for Pro at position 104 (position 221 in the EU numbering system), Glu 



54 



Translation for WO 2009/041621 



for Pro at position 105 (position 222 in the EU numbering system), Pro for Glu at position 113 
(position 233 in the EU numbering system), Val for Phe at position 114 (position 234 in the EU 
numbering system), Ala for Leu at position 115 (position 235 in the EU numbering system), and 
Lys for Arg at position 289 (position 409 in the EU numbering system) are preferred. 
5 (xvii) 

The present invention provides IgG4 constant regions comprising an amino acid 
sequence in which Arg at position 289 (position 409 in the EU numbering system), Cys at 
position 14, Arg at position 16, Glu at position 20, Ser at position 21, Arg at position 97, Ser at 
position 100, Tyr at position 102, Gly at position 103, Pro at position 104, and Pro at position 

10 105 (positions 131, 133, 137, 138, 214, 217, 219, 220, 221, and 222 in the EU numbering system, 
respectively), Glu at position 113, Phe at position 1 14, and Leu at position 115 (positions 233, 
234, and 235 in the EU numbering system, respectively) have been substituted with other amino 
acids, and simultaneously Gly at position 116 (position 236 in the EU numbering system), Gly at 
position 326 (position 446 in the EU numbering system), and Lys at position 327 (position 447 

15 in the EU numbering system) have been deleted in the amino acid sequence of SEQ ID NO: 21 . 

The type of amino acid after substitution is not particularly limited; however, 
substitutions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for 
Arg at position 16 (position 133 in the EU numbering system), Gly for Glu at position 20 
(position 137 in the EU numbering system), Gly for Ser at position 21 (position 138 in the EU 

20 numbering system), Thr for Arg at position 97 (position 214 in the EU numbering system), Arg 
for Ser at position 100 (position 217 in the EU numbering system), Ser for Tyr at position 102 
(position 219 in the EU numbering system), Cys for Gly at position 103 (position 220 in the EU 
numbering system), Val for Pro at position 104 (position 221 in the EU numbering system), Glu 
for Pro at position 105 (position 222 in the EU numbering system), Pro for Glu at position 113 

25 (position 233 in the EU numbering system), Val for Phe at position 114 (position 234 in the EU 
numbering system), Ala for Leu at position 115 (position 235 in the EU numbering system), and 
Lys for Arg at position 289 (position 409 in the EU numbering system) are preferred, 
(xviii) 

The present invention provides IgGl constant regions comprising an amino acid 
30 sequence in which Asn at position 317 (position 434 in the EU numbering system) has been 

substituted with another amino acid, and simultaneously Gly at position 329 (position 446 in the 
EU numbering system) and Lys at position 330 (position 447 in the EU numbering system) have 
been deleted in the amino acid sequence of SEQ ID NO: 19. 

The type of amino acid after substitution of Asn at position 317 (position 434 in the EU 
35 numbering system) is not particularly limited; however, substitution to Ala is preferred, 
(xix) 
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Below is a preferred embodiment of IgG2 of the present invention, which has reduced 
heterogeneity in the hinge region and/or reduced Fey receptor-binding activity. 

Antibodies comprising an IgG2 constant region comprising an amino acid sequence in 
which Ala at position 209, Pro at position 210, Thr at position 218, Cys at position 14, Arg at 
5 position 16, Cys at position 102, Glu at position 20, and Ser at position 21 in the amino acid 
sequence of SEQ ID NO: 20 have been substituted with other amino acids. 

The type of amino acid after substitution is not particularly limited; however, 
substitutions of Ser for Ala at position 209 (position 330 in the EU numbering system), Ser for 
Pro at position 210 (position 331 in the EU numbering system), Ala for Thr at position 218 
10 (position 339 in the EU numbering system), Ser for Cys at position 14 (position 131 in the EU 
numbering system), Lys for Arg at position 16 (position 133 in the EU numbering system), Ser 
for Cys at position 102 (position 219 in the EU numbering system), Gly for Glu at position 20 
(position 137 in the EU numbering system), and Gly for Ser at position 21 (position 138 in the 
EU numbering system) are preferred. 
15 Such IgG2 constant regions include, for example, IgG2 constant regions comprising the 

amino acid sequence of SEQ ID NO: 191 (M86). 

In another preferred embodiment, IgG2 constant regions of the present invention 
include IgG2 constant regions resulting from the deletion of Gly at position 325 and Lys at 
position 326 in the above-described IgG2 constant regions to reduce C-terminal heterogeneity. 
20 Such antibodies include, for example, IgG2 that comprises a constant region comprising the 
amino acid sequence of SEQ ID NO: 192 (M86AGK). 
(xx) 

Below is another preferred embodiment of the IgG2 constant regions of the present 

invention, which have reduced heterogeneity in the hinge region. 
25 IgG2 constant regions comprising an amino acid sequence in which Cys at position 14, 

Arg at position 16, Cys at position 102, Glu at position 20, and Ser at position 21 in the amino 

acid sequence of SEQ ID NO: 20 have been substituted with other amino acids. 

The type of amino acid after substitution is not particularly limited; however, 

substitutions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for 
30 Arg at position 16 (position 133 in the EU numbering system), Ser for Cys at position 102 

(position 219 in the EU numbering system), Gly for Glu at position 20 (position 137 in the EU 

numbering system), and Gly for Ser at position 21 (position 138 in the EU numbering system) 

are preferred. 

Such IgG2 constant regions include, for example, IgG2 constant regions comprising the 
35 amino acid sequence of SEQ ID NO: 193 (M40). 

In another preferred embodiment, the IgG2 constant regions of the present invention 
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include IgG2 constant regions further comprising the deletion of Gly at position 325 and Lys at 
position 326 in the above-described IgG2 constant regions. Such antibodies include, for 
example, IgG2 constant regions comprising the amino acid sequence of SEQ ID NO: 194 
(M40AGK). 

5 (xxi) M14AGK, M17AGK, Ml 1AGK, M31AGK, M58, M73, M83, M86AGK, and M40AGK 

The present invention also provides an antibody constant region comprising the amino 
acid sequence of SEQ ID NO: 24 (M14AGK). The present invention also provides an antibody 
constant region comprising the amino acid sequence of SEQ ID NO: 116 (M17AGK). The 
present invention also provides an antibody constant region comprising the amino acid sequence 

10 of SEQ ID NO: 25 (Ml 1AGK). The present invention further provides an antibody constant 
region comprising the amino acid sequence of SEQ ID NO: 118 (M31 AGK). The present 
invention further provides an antibody constant region comprising the amino acid sequence of 
SEQ ID NO: 151 (M58). The present invention further provides an antibody constant region 
comprising the amino acid sequence of SEQ ID NO: 153 (M73). The present invention also 

15 provides an antibody constant region comprising the amino acid sequence of SEQ ID NO: 164 
(M83). The present invention further provides an antibody constant region comprising the 
amino acid sequence of SEQ ID NO: 192 (M86AGK). The present invention further provides 
an antibody constant region comprising the amino acid sequence of SEQ ID NO: 194 
(M40AGK). These antibody constant regions have been optimized to have reduced Fey 

20 receptor binding activity, reduced immunogenicity risk, improved stability under acidic 
conditions, reduced heterogeneity, improved pharmacokinetics, and/or higher stability in 
preparations in comparison with the IgGl constant region. 

The present invention provides antibodies comprising the antibody constant region of 
any one of (i) to (xxi) described above. There is no limitation on the type of antigen and origin 

25 of antibody, as long as the antibodies comprise an antibody constant region described above. 
The preferred antibodies include, for example, antibodies that bind to IL-6 receptor. 
Alternatively, the preferred antibodies include, for example, humanized antibodies. Such 
antibodies include, for example, antibodies comprising the variable region of humanized PM-1 
antibody. Such a variable region of humanized PM-1 antibody may comprise any of the 

30 above-described amino acid substitutions, or other amino acid substitutions, deletions, additions, 
and/or insertions. Specifically, the substitutions include, for example, alterations that improve 
the affinity of (a) to (y) described above; alterations that lower the isoelectric point of (i) to (viii) 
described above, alternations that improve the stability of (a) to (Q described below; and 
alternations that reduce immunogenicity, but are not limited thereto. 

35 In one embodiment, such antibodies include antibodies that comprise a heavy chain 

variable region comprising the amino acid sequence of SEQ ID NO: 113 (PF1+M14AGK) and 
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a light chain variable region comprising the amino acid sequence of SEQ ID NO: 23 (PF1L) 
(the light chain constant region may be kappa or lambda, or an altered form thereof) (PF1), but 
are not limited thereto. 

Alternatively, the antibody constant regions described above and/or antibody molecules 
5 comprising an antibody constant region described above can be linked as a form of Fc fusion 
molecule to antibody-like binding molecule (scaffold molecules), bioactive peptides, binding 
peptides, or such. 

The antibodies of the present invention can also be obtained by, for example, the 
following methods in addition to those described in the Examples. In one embodiment to 

1 0 obtain antibodies of the present invention, one or more amino acid residues are first substituted 

with amino acids of interest in at least one region selected from the group consisting of CDR, FR, 
and constant regions of an anti-IL-6 receptor antibody known to those skilled in the art. 
Methods for obtaining anti-IL-6 receptor antibodies known to those skilled in the art are not 
limited. Methods for substituting one or more amino acid residues with amino acids of interest 

15 in at least one region selected from the group consisting of the CDR, FR, and constant regions 
include, for example, site-directed mutagenesis (Hashimoto-Gotoh, T., Mizuno, T., Ogasahara, 
Y., and Nakagawa, M. An oligodeoxyribonucleotide-directed dual amber method for 
site-directed mutagenesis. Gene (1995) 152, 271-275; Zoller, M. J., and Smith, M. 
Oligonucleotide-directed mutagenesis of DNA fragments cloned into M13 vectors. Methods 

20 Enzymol. (1983) 100, 468-500; Kramer, W., Drutsa, V., Jansen, H. W., Kramer, B., Pflugfelder, 
M., and Fritz, H. J. The gapped duplex DNA approach to oligonucleotide-directed mutation 
construction. Nucleic Acids Res. (1984) 12, 9441-9456; Kramer W., and Fritz H. J. 
Oligonucleotide-directed construction of mutations via gapped duplex DNA Methods. Enzymol. 
(1987) 154, 350-367; Kunkel, T. A. Rapid and efficient site-specific mutagenesis without 

25 phenotypic selection. Proc. Natl. Acad. Sci. USA (1985) 82, 488-492). These methods can be 
used to substitute target amino acids in antibodies with amino acids of interest. Methods for 
substituting amino acids include library technologies such as framework shuffling (Mol. 
Immunol. 2007 Apr;44(l 1): 3049-60) and CDR repair (US2006/0 122377). Using these 
methods, amino acids can be substituted into appropriate frameworks and CDRs. 

30 In another embodiment to obtain antibodies, an antibody that binds to IL-6 receptor is 

first prepared by methods known to those skilled in the art. When the prepared antibody is 
derived from a nonhuman animal, it can be humanized. Then, the prepared antibody is tested to 
assess whether it has neutralizing activity by using methods known to those skilled in the art. 
The binding activity and neutralizing activity of antibodies can be determined, for example, by 

35 the methods described in the Examples; however, such methods are not limited thereto. Next, 
one or more amino acid residues in at least one selected from the group consisting of CDR, FR, 
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and constant regions of antibody are substituted with amino acids of interest. 

More specifically, the present invention relates to methods for producing antibodies 
with improved neutralizing activity, binding activity, or stability, or reduced immunogenicity, 
which comprise the steps of: 
5 (a) expressing a DNA encoding an H chain in which one or more amino acid residues in at least 
one region selected from the group consisting of CDR, FR, and constant regions are substituted 
with amino acids of interest, and a DNA encoding an L chain in which one or more amino acid 
residues in at least one region selected from the group consisting of CDR and FR regions are 
substituted with amino acids of interest; and 

10 (b) collecting the expression products of step (a). 

The first step of the production methods of the present invention is expressing a DNA 
encoding a mutant anti-IL-6 receptor antibody H chain in which one or more amino acid residues 
in at least one region selected from the group consisting of CDR, FR, and constant regions are 
substituted with amino acids of interest, and a DNA encoding an anti-IL-6 receptor antibody L 

1 5 chain in which one or more amino acid residues in at least one region selected from the group 
consisting of CDR and FR regions are substituted with amino acids of interest. A DNA 
encoding an H chain in which one or more amino acid residues in at least one region selected 
from the group consisting of CDR, FR, and constant regions are substituted with amino acids of 
interest can be prepared, for example, by obtaining a DNA encoding the CDR, FR, or constant 

20 region of a wild type H chain, and introducing an appropriate substitution so that a codon 

encoding a particular amino acid in at least one selected from the group consisting of the CDR, 
FR, and constant regions encodes an amino acid of interest. Furthermore, a DNA encoding an 
L chain in which one or more amino acid residues in at least one selected from the group 
consisting of CDR and FR regions are substituted with amino acids of interest can be prepared, 

25 for example, by obtaining a DNA encoding the CDR and/or FR regions of a wild type L chain 
and introducing an appropriate substitution so that a codon encoding a particular amino acid in 
the CDR and/or FR regions encodes an amino acid of interest. 

Alternatively, a DNA encoding an H chain in which one or more amino acid residues in 
at least one selected from the group consisting of CDR, FR, and constant regions are substituted 

30 with amino acids of interest can also be prepared by designing and then chemically synthesizing 
a DNA encoding a protein in which one or more amino acid residues in at least one selected 
from the group consisting of CDR, FR, and constant regions of the wild type H chain are 
substituted with amino acids of interest. Furthermore, a DNA encoding an L chain in which 
one or more amino acid residues in the CDR and/or FR regions are substituted with amino acids 

35 of interest can also be prepared by designing and then chemically synthesizing a DNA encoding 
a protein in which one or more amino acid residues in the CDR and/or FR regions of a wild type 



59 



Translation for WO 2009/041621 



L chain are substituted with amino acids of interest. 

The type of amino acid substitution includes the substitutions described herein, but is 
not limited thereto. 

Alternatively, a DNA encoding an H chain in which one or more amino acid residues in 
5 at least one region selected from the group consisting of CDR, FR, and constant regions are 

substituted with amino acids of interest can also be prepared as a combination of partial DNAs. 
Such combinations of partial DNAs include, for example, the combination of a DNA encoding a 
variable region and a DNA encoding a constant region, and the combination of a DNA encoding 
an Fab region and a DNA encoding an Fc region, but are not limited thereto. A DNA encoding 

10 an L chain can also be prepared as a combination of partial DNAs. 

Methods for expressing the above-described DNAs include the methods described 
below. For example, an H chain expression vector is constructed by inserting a DNA encoding 
an H chain variable region into an expression vector along with a DNA encoding an H chain 
constant region. Likewise, an L chain expression vector is constructed by inserting a DNA 

1 5 encoding an L chain variable region into an expression vector along with a DNA encoding an L 
chain constant region. Alternatively, these H and L chain genes may be inserted into a single 
vector. Expression vectors include, for example, SV40 virus-based vectors, EB virus-based 
vectors, and BPV (papilloma virus)-based vectors, but are not limited thereto. 

Host cells are co-transformed with an antibody expression vector constructed by the 

20 methods described above. Such host cells include the above-described cells such as CHO 
(Chinese hamster ovary) cells as well as microorganisms such as E. coli, yeast, and Bacillus 
subtilis, and plants and animals (Nature Biotechnology (2007) 25, 563-565; Nature 
Biotechnology (1998) 16, 773-777; Biochemical and Biophysical Research Communications 
(1999) 255, 444-450; Nature Biotechnology (2005) 23, 1 159-1 169; Journal of Virology (2001) 

25 75, 2803-2809; Biochemical and Biophysical Research Communications (2003) 308, 94-100). 

The transformation can be preferably achieved by using electroporation, the lipofectin method (R. 
W. Malone et a/., Proc. Natl. Acad. Sci. USA (1989) 86, 6077; P. L. Feigner et a/., Proc. Natl. 
Acad. Sci. USA (1987) 84, 7413), calcium phosphate method (F. L. Graham & A. J. van der Eb, 
Virology (1973) 52, 456-467), DEAE-Dextran method, and the like. 

30 In the next step of antibody production, the expression products obtained in step (a) are 

collected. The expression products can be collected, for example, by culturing the 
transformants and then separating the products from the transformed cells or culture media. 
Separation and purification of antibodies can be achieved by an appropriate combination of 
methods such as centrifugation, ammonium sulfate fractionation, salting out, ultrafiltration, 

35 columns of lq, FcRn, Protein A, and Protein G, affinity chromatography, ion exchange 
chromatography, and gel filtration chromatography. 
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Those skilled in the art can appropriately prepare the constant regions of the present 
invention according to the methods for preparing antibodies. 

The present invention further relates to methods for enhancing the activity of an 
anti-IL-6 receptor antibody to bind or neutralize an IL-6 receptor, which comprise at least one 
5 step selected from the group consisting of: 

(A) substituting Ser at position 1 in the amino acid sequence of SEQ ID NO: 1 (HCDR1) with 
another amino acid; 

(B) substituting Trp at position 5 in the amino acid sequence of SEQ ID NO: 1 (HCDR1) with 
another amino acid; 

1 0 (C) substituting Tyr at position 1 in the amino acid sequence of SEQ ID NO : 2 (HCDR2) with 
another amino acid; 

(D) substituting Thr at position 8 in the amino acid sequence of SEQ ID NO : 2 (HCDR2) with 
another amino acid; 

(E) substituting Thr at position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) with 
1 5 another amino acid; 

(F) substituting Ser at position 1 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) with 
another amino acid; 

(G) substituting Leu at position 2 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) with 
another amino acid; 

20 (H) substituting Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) with 
another amino acid; 

(I) substituting Ala at position 7 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) with 
another amino acid; 

(J) substituting Met at position 8 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) with 
25 another amino acid; 

(K) substituting Ser at position 1 and Thr at position 5 in the amino acid sequence of SEQ ID 
NO: 3 (HCDR3) with other amino acids; 

(L) substituting Leu at position 2, Ala at position 7, and Met at position 8 in the amino acid 
sequence of SEQ ID NO: 3 (HCDR3) with other amino acids; 
30 (M) substituting Arg at position 1 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) with 
another amino acid; 

(N) substituting Gin at position 4 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) with 
another amino acid; 

(O) substituting Tyr at position 9 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) with 
35 another amino acid; 

(P) substituting Asn at position 1 1 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) with 
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another amino acid; 

(Q) substituting Thr at position 2 in the amino acid sequence of SEQ ID NO : 5 (LCDR2) with 
another amino acid; 

(R) substituting Gin at position 1 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) with 
5 another amino acid; 

(S) substituting Gly at position 3 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) with 
another amino acid; 

(T) substituting Tyr at position 9 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) and Gly 
at position 3 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) with other amino acids; 
10 (U) substituting Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) with 
another amino acid; 

(V) substituting Gin at position 1 and Thr at position 5 in the amino acid sequence of SEQ ID 
NO: 6 (LCDR3) with other amino acids; and 

(W) substituting Thr at position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2), and 
15 Ser at position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 (HCDR3) 
with other amino acids; or 
(X) a step comprising (V) and (W). 

In (A) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to Trp, Thr, Asp, Asn, Arg, Val, 
20 Phe, Ala, Gin, Tyr, Leu, His, Glu, or Cys is preferred. 

In (B) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to He or Val is preferred. 

In (C) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to Phe is preferred. 
25 In (D) described above, the type of amino acid after substitution is not particularly 

limited as long as the affinity is improved; however, substitution to Arg is preferred. 

In (E) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to Ser or Asn is preferred. 
In (F) described above, the type of amino acid after substitution is not particularly 
30 limited as long as the affinity is improved; however, substitution to He, Val, Thr, or Leu is 
preferred. 

In (G) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to Thr is preferred. 

In (H) described above, the type of amino acid after substitution is not particularly 
35 limited as long as the affinity is improved; however, substitution to Ala, He, or Ser is preferred. 
Other preferred substitutions include substitution of Ser for Thr at position 5. 
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In (I) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to Ser or Val is preferred. 

In (J) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to Leu is preferred. 
5 In (K) described above, the type of amino acid after substitution is not particularly 

limited as long as the affinity is improved; however, substitutions of Leu for Ser at position 1 
and Ala for Thr at position 5 are preferred. Other preferred substitutions include those of Val 
for Ser at position 1 and Ala for Thr at position 5; He for Ser at position 1 and Ala for Thr at 
position 5; Thr for Ser at position 1 and Ala for Thr at position 5; Val for Ser at position 1 and 
10 He for Thr at position 5; He for Ser at position 1 and He for Thr at position 5; Thr for Ser at 

position 1 and He for Thr at position 5; and Leu for Ser at position 1 and He for Thr at position 5. 

In (L) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution of Thr for Leu at position 2, Val 
for Ala at position 7, and Leu for Met at position 8 are preferred. 
15 In (M) described above, the type of amino acid after substitution is not particularly 

limited as long as the affinity is improved; however, substitution to Phe is preferred. 

In (N) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to Arg or Thr is preferred. 

In (O) described above, the type of amino acid after substitution is not particularly 
20 limited as long as the affinity is improved; however, substitution to Phe is preferred. 

In (P) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to Ser is preferred. 

In (Q) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to Gly is preferred. 
25 In (R) described above, the type of amino acid after substitution is not particularly 

limited as long as the affinity is improved; however, substitution to Gly, Asn, or Ser is preferred. 

In (S) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to Ser is preferred. 

In (T) described above, the type of amino acid after substitution is not particularly 
30 limited as long as the affinity is improved; however, substitutions of Phe for Tyr in the amino 

acid sequence of SEQ ID NO: 4 (LCDR1) and Ser for Gly in the amino acid sequence of SEQ ID 
NO: 6 (LCDR3) are preferred. 

In (U) described above, the type of amino acid after substitution is not particularly 
limited as long as the affinity is improved; however, substitution to Arg or Ser is preferred. 
35 In (V) described above, the type of amino acid after substitution is not particularly 

limited as long as the affinity is improved; however, substitutions of Gly for Gin at position 1 
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and Ser for Thr at position 5 are preferred. Other preferred substitutions include those of Gly 
for Gin at position 1 and Arg for Thr at position 5. 

In (W) described above, substitution of Asn for Thr at position 9 in the amino acid 
sequence of SEQ ID NO: 2 (HCDR2) is preferred. The preferred combinations of amino acids 
5 after substitution for Ser at position 1 and Thr at position 5 in the amino acid sequence of SEQ 
ID NO: 3 (HCDR3) include Leu and Ala, Val and Ala, He and Ala, Thr and Ala, Val and He, He 
and He, Thr and He, and Leu and He. 

In the steps of (A) to (X) above, the method for amino acid substitution is not 
particularly limited. The substitution can be achieved, for example, by site-directed 

10 mutagenesis described above or a method described in the Examples. When an amino acid is 
substituted in a heavy chain variable region, the original amino acid sequence of the heavy chain 
variable region before substitution is preferably an amino acid sequence of the heavy chain 
variable region of a humanized PM-1 antibody. Alternatively, when an amino acid is 
substituted in a light chain variable region, the original amino acid sequence of the light chain 

1 5 variable region before substitution is preferably an amino acid sequence of the light chain 

variable region of a humanized PM- 1 antibody. Furthermore, it is preferable to introduce the 
amino acid substitutions of steps (A) to (X) described above into the humanized PM-1 antibody. 

The methods of the present invention for enhancing the binding or neutralizing activity 
of an anti-IL-6 receptor antibody comprise at least any one of the steps of (A) to (X) described 

20 above. Specifically, the methods of the present invention may comprise two or more of the 
steps of (A) to (X) described above. Furthermore, the methods of the present invention may 
comprise other steps (for example, amino acid substitutions, deletions, additions and/or 
insertions other than those of (A) to (X) described above) as long as they comprise any one of 
the steps of (A) to (X) described above. Furthermore, for example, FR may comprise amino 

25 acid substitutions, deletions, additions and/or insertions, and the constant region may comprise 
amino acid substitutions, deletions, additions and/or insertions. It is preferable to introduce the 
amino acid substitutions described above into the humanized PM-1 antibody. 
<Methods for reducing the immunogenicity risk of an anti-IL-6 receptor antibody> 

The present invention also relates to methods for reducing the immunogenicity of an 

30 anti-IL-6 receptor antibody, which comprise the step of substituting Gly for Thr at position 2 in 
the amino acid sequence of SEQ ID NO: 5 (LCDR2). The methods of the present invention for 
reducing the immunogenicity of an anti-IL-6 receptor antibody may comprise other steps of 
amino acid substitution, as long as they comprise the step of substituting Gly for Thr at position 
2 in the amino acid sequence of SEQ ID NO: 5 (LCDR2). The method for amino acid 

35 substitution is not particularly limited. The substitution can be achieved, for example, by 
site-directed mutagenesis described above or a method described in the Examples. 
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It is preferable to introduce the amino acid substitutions described above into the 
humanized PM-1 antibody or a variant thereof comprising substitutions, deletions, and/or 
insertions. 

<Methods for lowering the isoelectric point of an anti-IL-6 receptor antibody> 
5 The present invention also relates to methods for lowering the isoelectric point of an 

anti-IL-6 receptor antibody, which comprise at least one step selected from the group consisting 
of: 

(i) substituting Gin at position 16 in the amino acid sequence of SEQ ID NO: 7 (HFR1) with 
another amino acid; 

10 (ii) substituting Arg at position 8 in the amino acid sequence of SEQ ID NO: 8 (HFR2) with 
another amino acid; 

(iii) substituting Arg at position 16 in the amino acid sequence of SEQ ID NO: 9 (HFR3) with 
another amino acid; 

(iv) substituting Gin at position 3 in the amino acid sequence of SEQ ID NO: 10 (HFR4) with 
1 5 another amino acid; 

(v) substituting Arg at position 18 in the amino acid sequence of SEQ ID NO: 1 1 (LFR1) with 
another amino acid; 

(vi) substituting Lys at position 1 1 in the amino acid sequence of SEQ ID NO: 12 (LFR2) with 
another amino acid; 

20 (vii) substituting Gin at position 23 in the amino acid sequence of SEQ ID NO: 13 (LFR3) with 
another amino acid; 

(viii) substituting Lys at position 10 in the amino acid sequence of SEQ ID NO: 14 (LFR4) with 
another amino acid; 

(ix) substituting Ser at position 1 in the amino acid sequence of SEQ ID NO: 1 (HCDR1) with 
25 another amino acid; 

(x) substituting Arg at position 1 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) with 
another amino acid; 

(xi) substituting Arg at position 4 in the amino acid sequence of SEQ ID NO: 5 (LCDR2) with 
another amino acid; 

30 (xii) substituting Arg at position 13 in the amino acid sequence of SEQ ID NO: 7 (HFR1) with 
another amino acid; 

(xiii) substituting Lys at position 15 and/or Ser at position 16 in the amino acid sequence of SEQ 
ID NO: 2 (HFR1) or 100 with other amino acids; 

(xiv) substituting Gin at position 4 in the amino acid sequence of SEQ ID NO: 4 (LCDR1) or 
35 101 with another amino acid; and 

(xv) substituting His at position 6 in the amino acid sequence of SEQ ID NO: 5 (LCDR2) or 103 
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with another amino acid. 

In (i) described above, the type of amino acid after substitution is not particularly 
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred. 

In (ii) described above, the type of amino acid after substitution is not particularly 
5 limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred. 

In (iii) described above, the type of amino acid after substitution is not particularly 
limited as long as the isoelectric point is lowered; however, substitution to Lys is preferred. 

In (iv) described above, the type of amino acid after substitution is not particularly 
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred. 
10 In (v) described above, the type of amino acid after substitution is not particularly 

limited as long as the isoelectric point is lowered; however, substitution to Ser is preferred. 

In (vi) described above, the type of amino acid after substitution is not particularly 
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred. 

In (vii) described above, the type of amino acid after substitution is not particularly 
1 5 limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred. 

In (viii) described above, the type of amino acid after substitution is not particularly 
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred. 

In (ix) described above, the type of amino acid after substitution is not particularly 
limited as long as the isoelectric point is lowered; however, substitution to Asp is preferred. 
20 In (x) described above, the type of amino acid after substitution is not particularly 

limited as long as the isoelectric point is lowered; however, substitution to Gin is preferred. 

In (xi) described above, the type of amino acid after substitution is not particularly 
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred. 

In (xii) described above, the type of amino acid after substitution is not particularly 
25 limited as long as the isoelectric point is lowered; however, substitution to Lys is preferred. 

In (xiii) described above, the type of amino acid after substitution is not particularly 
limited as long as the isoelectric point is lowered; however, substitutions to Gin for Lys at 
position 15 and Asp for Ser at position 16 are preferred. 

In (xiv) described above, the type of amino acid after substitution is not particularly 
30 limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred. 

In (xv) described above, the type of amino acid after substitution is not particularly 
limited as long as the isoelectric point is lowered; however, substitution to Glu is preferred. 

In the steps of (i) to (xv) described above, the method for amino acid substitution is not 
particularly limited. The substitution can be achieved, for example, by site-directed 
35 mutagenesis described above or a method described in the Examples. When an amino acid is 
substituted in a heavy chain variable region, the original amino acid sequence of the heavy chain 
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variable region before substitution is preferably an amino acid sequence of the heavy chain 
variable region of a humanized PM-1 antibody. Alternatively, when an amino acid is 
substituted in a light chain variable region, the original amino acid sequence of the light chain 
variable region before substitution is preferably an amino acid sequence of the light chain 
5 variable region of a humanized PM-1 antibody. Furthermore, it is preferable to introduce the 
amino acid substitutions of the steps of (i) to (xv) described above into the humanized PM-1 
antibody. 

The methods of the present invention for lowering the isoelectric point of an anti-IL-6 
receptor antibody comprise at least any one of the steps of (i) to (xv) described above. 

1 0 Specifically, the methods of the present invention may comprise two or more of the steps of (i) 
to (xv) described above. Furthermore, the methods of the present invention may comprise other 
steps (for example, amino acid substitutions, deletions, additions and/or insertions other than 
those of (i) to (xv) described above) as long as they comprise any one of the steps of (i) to (xv) 
described above. Furthermore, for example, the constant region may comprise amino acid 

15 substitutions, deletions, additions and/or insertions. 

<Methods for improving the stability of an anti-IL-6 receptor antibody > 

The present invention also relates to methods for increasing the stability of an anti-IL-6 
receptor antibody, which comprise at least one step selected from the group consisting of: 
(a) substituting Met at position 4 in the amino acid sequence of SEQ ID NO: 9 (HFR3) with 

20 another amino acid; 

(P) substituting Leu at position 5 in the amino acid sequence of SEQ ID NO: 9 (HFR3) with 
another amino acid; 

(y) substituting Thr at position 9 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) with 
another amino acid; 

25 (8) substituting Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 (LCDR3) with 
another amino acid; 

(s) substituting Ser at position 16 in the amino acid sequence of SEQ ID NO: 2 (HCDR2) with 
another amino acid; and 

(Q substituting Ser at position 5 in the amino acid sequence of SEQ ID NO: 10 (FR4) with 
30 another amino acid. 

In (a) described above, the type of amino acid after substitution is not particularly 
limited as long as the stability is improved; however, substitution to He is preferred. 

In (P) described above, the type of amino acid after substitution is not particularly 
limited as long as the stability is improved; however, substitution to Ser is preferred. 
35 In (y) described above, the type of amino acid after substitution is not particularly 

limited as long as the stability is improved; however, substitution to Asn is preferred. 
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In (8) described above, the type of amino acid after substitution is not particularly 
limited as long as the stability is improved; however, substitution to Ser is preferred. 

In (s) described above, the type of amino acid after substitution is not particularly 
limited as long as the stability is improved; however, substitution to Gly is preferred. 
5 In (Q described above, the type of amino acid after substitution is not particularly 

limited as long as the stability is improved; however, substitution to He is preferred. 

In the steps of (a) to (Q described above, the method for amino acid substitution is not 
particularly limited. The substitution can be achieved, for example, by site-directed 
mutagenesis described above or a method described in the Examples. When an amino acid is 

10 substituted in a heavy chain variable region, the original amino acid sequence of the heavy chain 
variable region before substitution is preferably an amino acid sequence of the heavy chain 
variable region of a humanized PM- 1 antibody. Alternatively, when an amino acid is 
substituted in a light chain variable region, the original amino acid sequence of the light chain 
variable region before substitution is preferably an amino acid sequence of the light chain 

15 variable region of a humanized PM-1 antibody. Furthermore, it is preferable to introduce the 
amino acid substitutions of (a) to (Q described above into the humanized PM-1 antibody. 

The methods of the present invention for improving the stability of an anti-IL-6 receptor 
antibody comprise at least any one of the steps of (a) to (Q described above. Specifically, the 
methods of the present invention may comprise two or more of the steps of (a) to (Q described 

20 above. Furthermore, the methods of the present invention may comprise other steps (for 

example, amino acid substitutions, deletions, additions and/or insertions other than those of (a) 
to (Q described above) as long as they comprise any one of the steps of (a) to (Q described 
above. Furthermore, for example, the constant region may comprise amino acid substitutions, 
deletions, additions and/or insertions. 

25 <Methods for reducing the immunogenicity of an anti-IL-6 receptor antibody> 

The present invention also relates to methods for reducing the immunogenicity of an 
anti-IL-6 receptor antibody, in particular, a humanized PM-1 antibody, which comprise the step 
of substituting Lys for Arg at position 13, Glu for Gin at position 16, Ala for Thr at position 23, 
and/or Ser for Thr at position 30 in the amino acid sequence of SEQ ID NO: 7 (HFR1). The 

30 methods of the present invention for reducing the immunogenicity of an anti-IL-6 receptor 

antibody may comprise other steps of amino acid substitution, as long as they comprise the step 
of substituting Ser for Thr at position 30 in the amino acid sequence of SEQ ID NO: 7 (HFR1). 

The present invention further relates to methods for reducing the immunogenicity of an 
anti-IL-6 receptor antibody, in particular, a humanized PM-1 antibody, which comprise the step 

35 of substituting Val for Ala at position 27 in the amino acid sequence of SEQ ID NO: 90 (HFR3). 
The methods of the present invention for reducing the immunogenicity of an anti-IL-6 receptor 



68 



Translation for WO 2009/041621 



antibody may comprise other steps of amino acid substitution, as long as they comprise the step 
of substituting Val for Ala at position 27 in the amino acid sequence of SEQ ID NO: 90 (HFR3). 

The method for amino acid substitution is not particularly limited. The substitution 
can be achieved, for example, by site-directed mutagenesis described above or a method 
5 described in the Examples. 

The present invention further relates to methods for reducing antibody immunogenicity, 
which comprise converting the FR3 of an anti-IL-6 receptor antibody, in particular, a humanized 
PM-1 antibody, H53/L28, or PF1 antibody, into an FR3 comprising the amino acid sequence of 
SEQ ID NO: 128 or 129. 

1 0 <Methods for improving antibody stability under acidic conditions> 

The present invention also relates to methods for improving antibody stability under 
acidic conditions, which comprise the step of substituting Met at position 276 (position 397 in 
the EU numbering system) in the amino acid sequence of SEQ ID NO: 20 (IgG2) with another 
amino acid. The methods of the present invention for improving antibody stability under acidic 

1 5 conditions may comprise other steps of amino acid substitution, as long as they comprise the step 
of substituting Met at position 276 (position 397 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 (IgG2) with another amino acid. The type of amino acid after 
substitution is not particularly limited; however, substitution to Val is preferred. The method 
for amino acid substitution is not particularly limited. The substitution can be achieved, for 

20 example, by site-directed mutagenesis described above or a method described in the Examples. 

The type of target antibody is not particularly limited; however, the antibody is 
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody 
or a variant thereof comprising substitutions, deletions, and/or insertions. 
<Methods for reducing the heterogeneity originated from the hinge region of IgG2 constant 

25 region> 

The present invention also relates to methods for reducing antibody heterogeneity, 
which comprise the step of substituting Cys at position 14 (position 13 1 in the EU numbering 
system), Arg at position 16 (position 133 in the EU numbering system), and/or Cys at position 
102 (position 219 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 20 

30 (IgG2) with other amino acids. The type of amino acid after substitution is not particularly 

limited; however, substitutions of Ser for Cys at position 14, Lys for Arg at position 16, and Ser 
for Cys at position 102 are preferred. The methods of the present invention for reducing 
antibody heterogeneity may comprise other steps of amino acid substitution, as long as they 
comprise the step of substituting Cys at position 14 (position 131 in the EU numbering system), 

35 Arg at position 16 (position 133 in the EU numbering system), and/or Cys at position 102 
(position 219 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 20 
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(IgG2). The method for amino acid substitution is not particularly limited. The substitutions 
can be achieved, for example, by site-directed mutagenesis described above or a method 
described in the Examples. In the amino acid substitution, all of the three amino acids 
described above may be substituted or one or two (for example, positions 14 and 102) of them 
5 may be substituted. 

The type of target antibody is not particularly limited; however, the antibody is 
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody 
or a variant thereof comprising substitutions, deletions, and/or insertions. 

<Methods for reducing the heterogeneity originated from deletion of C-terminal amino acids in 

10 an IgG2 constant region> 

The present invention also relates to methods for reducing antibody heterogeneity, 
which comprise the step of deleting Gly at position 325 (position 446 in the EU numbering 
system) and Lys at position 326 (position 447 in the EU numbering system) in an IgG2 constant 
region comprising the amino acid sequence of SEQ ID NO: 20. The methods of the present 

15 invention for reducing antibody heterogeneity may comprise other steps of amino acid 

substitution, as long as they comprise the step of deleting Gly at position 325 (position 446 in the 
EU numbering system) and Lys at position 326 (position 447 in the EU numbering system) in an 
IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 20. The method for 
amino acid substitution is not particularly limited. The substitution can be achieved, for 

20 example, by site-directed mutagenesis described above or a method described in the Examples. 

The type of target antibody is not particularly limited; however, the antibody is 
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody 
or a variant thereof comprising substitutions, deletions, and/or insertions. 
<Methods for reducing the FcyR binding while maintaining the human sequence in the IgG2 

25 constant region> 

The present invention also relates to methods for reducing the FcyR binding of an 
antibody, which comprise the step of substituting Ser for Ala at position 209 (EU330), Ser for 
Pro at position 210 (EU331), and Ala for Thr at position 218 (EU339) in an IgG2 constant region 
comprising the amino acid sequence of SEQ ID NO: 20. The methods of the present invention 

30 for reducing the FcyR binding of an antibody may comprise other steps of amino acid 

substitution, as long as they comprise the step of substituting Ser for Ala at position 209 (EU330), 
Ser for Pro at position 210 (EU331), and Ala for Thr at position 218 (EU339) in an IgG2 
constant region comprising the amino acid sequence of SEQ ID NO: 20. The method for amino 
acid substitution is not particularly limited. The substitution can be achieved, for example, by 

35 site-directed mutagenesis described above or a method described in the Examples. 

<Methods for improving the pharmacokinetics by substituting amino acids of IgG2 constant 
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region> 

The present invention also relates to methods for improving the pharmacokinetics of an 
antibody, which comprise the step of substituting His at position 147 (EU268), Arg at position 
234 (EU355), and/or Gin at position 298 (EU419) in an IgG2 constant region comprising the 
5 amino acid sequence of SEQ ID NO: 20. The methods of the present invention for improving 
the pharmacokinetics of an antibody may comprise other steps of amino acid substitution, as 
long as they comprise the above-described step. The type of amino acid after substitution is not 
particularly limited; however, substitutions of Gin for His at position 147 (EU268), Gin for Arg 
at position 234 (EU355), and Glu for Gin at position 298 (EU419) are preferred. 

10 The present invention also relates to methods for improving the pharmacokinetics of an 

antibody, which comprise the step of substituting Asn at position 313 (EU434) in an IgG2 
constant region comprising the amino acid sequence of SEQ ID NO: 20 or 151 (M58). The 
type of amino acid after substitution is not particularly limited; however, substitution to Ala is 
preferred. The methods of the present invention for improving the pharmacokinetics of an 

1 5 antibody may comprise other steps of amino acid substitution, as long as they comprise the 
above-described step. 

The type of target antibody is not particularly limited; however, the antibody is 
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody 
or a variant thereof comprising substitutions, deletions, and/or insertions. 

20 The present invention also relates to methods for reducing antibody heterogeneity 

originated from the hinge region of IgG2, methods for improving antibody stability under acidic 
conditions, methods for reducing antibody heterogeneity originated from C-terminus, and/or 
methods for reducing the FcyR binding of an antibody, all of which comprise in an IgG2 
constant region comprising the amino acid sequence of SEQ ID NO: 20 (M14AGK), the steps of: 

25 (a) substituting Ser for Ala at position 209 (position 330 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(b) substituting Ser for Pro at position 210 (position 33 1 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(c) substituting Ala for Thr at position 218 (position 339 in the EU numbering system) in the 
30 amino acid sequence of SEQ ID NO: 20; 

(d) substituting Val for Met at position 276 (position 397 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(e) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

35 (f) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 
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(g) substituting Ser for Cys at position 102 (position 219 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(h) substituting Gly for Glu at position 20 (position 137 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

5 (i) substituting Gly for Ser at position 21 (position 138 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; and 

(j) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU 
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20. 

The methods of the present invention may comprise other steps such as amino acid 

10 substitution and deletion, as long as they comprise the steps described above. The methods for 
amino acid substitution and deletion are not particularly limited. The substitution and deletion 
can be achieved, for example, by site-directed mutagenesis described above or a method 
described in the Examples. 

The type of target antibody is not particularly limited; however, it is preferably an 

15 anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody or a variant 
thereof comprising substitutions, deletions, and/or insertions. 

The present invention also relates to methods for reducing the heterogeneity originated 
from the hinge region of IgG2, methods for improving antibody stability under acidic conditions, 
and/or methods for reducing antibody heterogeneity originated from C-terminus, all of which 

20 comprise in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 20 
(M31AGK), the steps of: 

(a) substituting Val for Met at position 276 (position 397 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(b) substituting Ser for Cys at position 14 (position 13 1 in the EU numbering system) in the 
25 amino acid sequence of SEQ ID NO: 20; 

(c) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(d) substituting Ser for Cys at position 102 (position 219 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

30 (e) substituting Gly for Glu at position 20 (position 137 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(f) substituting Gly for Ser at position 21 (position 138 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; and 

(g) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU 
35 numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20. 

The present invention also relates to methods for reducing antibody heterogeneity 
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originated from the hinge region of IgG2, methods for improving antibody pharmacokinetics, 
and/or methods for reducing antibody heterogeneity originated from C-terminus, all of which 
comprise in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 20 
(M58), the steps of: 

5 (a) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(b) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(c) substituting Ser for Cys at position 102 (position 219 in the EU numbering system) in the 
10 amino acid sequence of SEQ ID NO: 20; 

(d) substituting Gly for Glu at position 20 (position 137 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(e) substituting Gly for Ser at position 21 (position 138 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

15 (f) substituting Gin for His at position 147 (position 268 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(g) substituting Gin for Arg at position 234 (position 355 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(h) substituting Glu for Gin at position 298 (position 419 in the EU numbering system) in the 
20 amino acid sequence of SEQ ID NO: 20; and 

(i) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU 
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20. 

The present invention also relates to methods for reducing antibody heterogeneity 
originated from the hinge region of IgG2, methods for improving antibody pharmacokinetics, 
25 and/or methods for reducing antibody heterogeneity originated from C-terminus, all of which 
comprise in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 20 
(M73), the steps of: 

(a) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 
30 (b) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(c) substituting Ser for Cys at position 102 (position 219 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(d) substituting Gly for Glu at position 20 (position 137 in the EU numbering system) in the 
35 amino acid sequence of SEQ ID NO: 20; 

(e) substituting Gly for Ser at position 21 (position 138 in the EU numbering system) in the 
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amino acid sequence of SEQ ID NO: 20; 

(f) substituting Gin for His at position 147 (position 268 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(g) substituting Gin for Arg at position 234 (position 355 in the EU numbering system) in the 
5 amino acid sequence of SEQ ID NO: 20; 

(h) substituting Glu for Gin at position 298 (position 419 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; 

(i) substituting Ala for Asn at position 313 (position 434 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 20; and 

10 (j) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU 
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20. 

The present invention also relates to methods for reducing the heterogeneity originated 
from the hinge region of IgG2, methods for reducing antibody heterogeneity originated from 
C-terminus, and/or methods for reducing the FcyR binding of an antibody, all of which comprise, 

15 in an IgG2 constant region comprising the amino acid sequence of SEQ ID NO: 20 (M86AGK), 
the steps of: 

(a) substituting Ala at position 209 (position 330 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 with another amino acid; 

(b) substituting Pro at position 210 (position 33 1 in the EU numbering system) in the amino acid 
20 sequence of SEQ ID NO: 20 with another amino acid; 

(c) substituting Thr at position 218 (position 339 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 with another amino acid; 

(d) substituting Cys at position 14 (position 131 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 with another amino acid; 

25 (e) substituting Arg at position 16 (position 133 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 with another amino acid; 

(f) substituting Cys at position 102 (position 219 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 with another amino acid; 

(g) substituting Glu at position 20 (position 137 in the EU numbering system) in the amino acid 
30 sequence of SEQ ID NO: 20 with another amino acid; 

(h) substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 with another amino acid; and 

(i) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU 
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20. 

35 The type of amino acid after substitution is not particularly limited; however, 

substitutions of Ser for Ala at position 209 (position 330 in the EU numbering system), Ser for 
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Pro at position 210 (position 331 in the EU numbering system), Ala for Thr at position 218 
(position 339 in the EU numbering system), Ser for Cys at position 14 (position 13 1 in the EU 
numbering system), Lys for Arg at position 16 (position 133 in the EU numbering system), Ser 
for Cys at position 102 (position 219 in the EU numbering system), Gly for Glu at position 20 
5 (position 137 in the EU numbering system), and Gly for Ser at position 21 (position 138 in the 
EU numbering system) are preferred. 

The present invention further relates to methods for reducing the heterogeneity 
originated from the hinge region of IgG2 and/or methods for reducing antibody heterogeneity 
originated from C-terminus, which comprise in an IgG2 constant region comprising the amino 
10 acid sequence of SEQ ID NO: 20 (M40AGK), the steps of: 

(a) substituting Cys at position 14 (position 131 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 with another amino acid; 

(b) substituting Arg at position 16 (position 133 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 with another amino acid; 

15 (c) substituting Cys at position 102 (position 219 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 with another amino acid; 

(d) substituting Glu at position 20 (position 137 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 20 with another amino acid; 

(e) substituting Ser at position 21 (position 138 in the EU numbering system) in the amino acid 
20 sequence of SEQ ID NO: 20 with another amino acid; and 

(f) deleting Gly at position 325 and Lys at position 326 (positions 446 and 447 in the EU 
numbering system, respectively) in the amino acid sequence of SEQ ID NO: 20. 

The type of amino acid after substitution is not particularly limited; however, 
substitutions of Ser for Cys at position 14 (position 131 in the EU numbering system), Lys for 
25 Arg at position 16 (position 133 in the EU numbering system), Ser for Cys at position 102 

(position 219 in the EU numbering system), Gly for Glu at position 20 (position 137 in the EU 
numbering system), and Gly for Ser at position 21 (position 138 in the EU numbering system) 
are preferred. 

The methods of the present invention may comprise other steps such as amino acid 
30 substitution and deletion, as long as they comprise the steps described above. The methods for 
amino acid substitution and deletion are not particularly limited. The substitution and deletion 
can be achieved, for example, by site-directed mutagenesis described above or a method 
described in the Examples. 

The type of target antibody is not particularly limited; however, it is preferably an 
35 anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody or a variant 
thereof comprising substitutions, deletions, and/or insertions. 
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<Methods for improving the stability of an IgG4 constant region under acidic conditions> 

The present invention also relates to methods for improving antibody stability under 
acidic conditions, which comprise the step of substituting Arg at position 289 (position 409 in 
the EU numbering system) of an IgG4 constant region comprising the amino acid sequence of 
5 SEQ ID NO: 21 (Mol. Immunol. 1993 Jan;30(l):105-8) with another amino acid. The methods 
of the present invention for improving antibody stability under acidic conditions may comprise 
other steps of amino acid substitution, as long as they comprise the step of substituting Arg at 
position 289 (position 409 in the EU numbering system) in the amino acid sequence of SEQ ID 
NO: 21 (human IgG4 constant region) with another amino acid. The type of amino acid after 

10 substitution is not particularly limited; however, substitution to Lys is preferred. The method 
for amino acid substitution is not particularly limited. The substitution can be achieved, for 
example, by site-directed mutagenesis described above or a method described in the Examples. 

The type of target antibody is not particularly limited; however, the antibody is 
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody 

15 or a variant thereof comprising substitutions, deletions, and/or insertions. 

<Methods for reducing the heterogeneity originated from deletion of C-terminal amino acids in 
an IgG4 constant region> 

The present invention also relates to methods for reducing the heterogeneity of an 
antibody, which comprise the step of deleting Gly at position 326 (position 446 in the EU 

20 numbering system) and Lys at position 327 (position 447 in the EU numbering system) in an 
IgG4 constant region comprising the amino acid sequence of SEQ ID NO: 21 (Mol. Immunol. 
1993 Jan;30(l): 105-8). The methods of the present invention for reducing the heterogeneity 
may comprise other steps of amino acid substitution, as long as they comprise the step of 
deleting Lys at position 327 (position 447 in the EU numbering system) and/or Gly at position 

25 326 (position 446 in the EU numbering system) in an IgG4 constant region comprising the 

amino acid sequence of SEQ ID NO: 21 (Mol. Immunol. 1993 Jan;30(l):105-8). The method 
for amino acid substitution is not particularly limited. The substitution can be achieved, for 
example, by site-directed mutagenesis described above or a method described in the Examples. 
The type of target antibody is not particularly limited; however, the antibody is 

30 preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody 
or a variant thereof comprising substitutions, deletions, and/or insertions. 

The present invention also relates to methods for improving the stability under acidic 
conditions, methods for reducing the heterogeneity originated from C-terminus, and/or methods 
for reducing the FcyR binding of an antibody, all of which comprise in an IgG4 constant region 

35 comprising the amino acid sequence of SEQ ID NO: 21 (Mol. Immunol. 1993 Jan;30(l): 105-8) 
(Ml 1AGK), the steps of: 
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(a) substituting Ser for Cys at position 14 (position 131 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 

(b) substituting Lys for Arg at position 16 (position 133 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 

5 (c) substituting Gly for Glu at position 20 (position 137 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 

(d) substituting Gly for Ser at position 21 (position 138 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 

(e) substituting Thr for Arg at position 97 (position 214 in the EU numbering system) in the 
10 amino acid sequence of SEQ ID NO: 21; 

(f) substituting Arg for Ser at position 100 (position 217 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 

(g) substituting Ser for Tyr at position 102 (position 219 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 

15 (h) substituting Cys for Gly at position 103 (position 220 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 

(i) substituting Val for Pro at position 104 (position 221 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 

(j) substituting Glu for Pro at position 105 (position 222 in the EU numbering system) in the 
20 amino acid sequence of SEQ ID NO: 21; 

(k) substituting Pro for Glu at position 113 (position 233 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 

(1) substituting Val for Phe at position 114 (position 234 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 
25 (m) substituting Ala for Leu at position 115 (position 235 in the EU numbering system) in the 
amino acid sequence of SEQ ID NO: 21; 

(n) deleting Gly at position 116 (position 236 in the EU numbering system) in the amino acid 
sequence of SEQ ID NO: 21; 

(o) substituting Lys for Arg at position 289 (position 409 in the EU numbering system) in the 
30 amino acid sequence of SEQ ID NO: 21; and 

(p) deleting Gly at position 236 and Lys at position 237 (positions 446 and 447 in the EU 

numbering system, respectively) in the amino acid sequence of SEQ ID NO: 21 . 

The methods of the present invention may comprise other steps, such as amino acid 

substitution and deletion, as long as they comprise the steps described above. The method for 
35 amino acid substitution and deletion are not particularly limited. The substitution and deletion 

can be achieved, for example, by site-directed mutagenesis described above or a method 
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described in the Examples. 

The type of target antibody is not particularly limited; however, the antibody is 
preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody 
or a variant thereof comprising substitutions, deletions, and/or insertions. 
5 <Methods for reducing the heterogeneity originated from deletion of C-terminal amino acids in 
anlgGl constant region> 

The present invention also relates to methods for reducing antibody heterogeneity, 
which comprise the step of deleting Gly at position 329 (position 446 in the EU numbering 
system) and Lys at position 330 (position 447 in the EU numbering system) in an IgGl constant 

10 region comprising the amino acid sequence of SEQ ID NO: 19. The methods of the present 
invention for reducing antibody heterogeneity may comprise other steps of amino acid 
substitutions, as long as they comprise the step of deleting Lys at position 330 (position 447 in 
the EU numbering system) and Gly at position 329 (position 446 in the EU numbering system) 
in an IgGl constant region comprising the amino acid sequence of SEQ ID NO: 19. The 

1 5 method for amino acid substitution is not particularly limited. The substitution can be achieved, 
for example, by site-directed mutagenesis described above or a method described in the 
Examples. 

<Methods for improving the pharmacokinetics by substituting amino acids of IgGl constant 
region> 

20 The present invention relates to methods for improving the antibody pharmacokinetics, 

which comprise the step of substituting Asn at position 317 (EU434) in an IgGl constant region 
comprising the amino acid sequence of SEQ ID NO: 19 with another amino acid. The type of 
amino acid after substitution is not particularly limited; however, substitution to Ala is preferred. 
The methods of the present invention for improving the pharmacokinetics may comprise other 

25 steps of amino acid substitution, as long as they comprise the above-described step. 

The present invention also relates to methods for improving the pharmacokinetics 
and/or methods for reducing the heterogeneity originated from C-terminus, both of which 
comprise, in an IgGl constant region comprising the amino acid sequence of SEQ ID NO: 19 
(M83), the steps of: 

30 (a) substituting Ala for Asn at position 317 (EU 434) in the amino acid sequence of SEQ ID NO: 
19; and 

(b) deleting Lys at position 330 (position 447 in the EU numbering system) and Gly at position 
329 (position 446 in the EU numbering system) in the amino acid sequence of SEQ ID NO: 19. 
The type of target antibody is not particularly limited; however, the antibody is 
35 preferably an anti-human IL-6 receptor antibody, more preferably a humanized PM-1 antibody 
or a variant thereof comprising substitutions, deletions, and/or insertions. 
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The constant regions of the present invention described above can be combined with 
any antibody variable regions, and preferably with variable regions derived from antibodies 
against human IL-6 receptor. Variable regions of antibodies against human IL-6 receptor 
include, for example, variable regions of a humanized PM-1 antibody. The variable regions of 
5 a humanized PM-1 antibody may not comprise any amino acid substitutions or may comprise 
substitutions such as those described above. 

The present invention provides pharmaceutical compositions comprising an antibody of 
the present invention. The pharmaceutical compositions of the present invention are useful in 
treating diseases associated with IL-6, such as rheumatoid arthritis. 

10 The pharmaceutical compositions of the present invention can be formulated, in 

addition to the antibodies, with pharmaceutically acceptable carriers by known methods. For 
example, the compositions can be used parenterally, when the antibodies are formulated in a 
sterile solution or suspension for injection using water or any other pharmaceutically acceptable 
liquid. For example, the compositions can be formulated by appropriately combining the 

15 antibodies with pharmaceutically acceptable carriers or media, specifically, sterile water or 
physiological saline, vegetable oils, emulsifiers, suspending agents, surfactants, stabilizers, 
flavoring agents, excipients, vehicles, preservatives, binding agents, and such, by mixing them at 
a unit dose and form required by generally accepted pharmaceutical implementations. The 
content of the active ingredient in such a formulation is adjusted so that an appropriate dose 

20 within the required range can be obtained. 

Sterile compositions for injection can be formulated using vehicles such as distilled 
water for injection, according to standard protocols. 

Aqueous solutions used for injection include, for example, physiological saline and 
isotonic solutions containing glucose or other adjuvants such as D-sorbitol, D-mannose, 

25 D-mannitol, and sodium chloride. These can be used in conjunction with suitable solubilizers 
such as alcohol, specifically ethanol, polyalcohols such as propylene glycol and polyethylene 
glycol, and non-ionic surfactants such as Polysorbate 80™ and HCO-50. 

Oils include sesame oils and soybean oils, and can be combined with solubilizers such 
as benzyl benzoate or benzyl alcohol. These may also be formulated with buffers, for example, 

30 phosphate buffers or sodium acetate buffers; analgesics, for example, procaine hydrochloride; 

stabilizers, for example, benzyl alcohol or phenol; or antioxidants. The prepared injections are 
typically aliquoted into appropriate ampules. 

The administration is preferably carried out parenterally, and specifically includes 
injection, intranasal administration, intrapulmonary administration, and percutaneous 

35 administration. For example, injections can be administered systemically or locally by 
intravenous injection, intramuscular injection, intraperitoneal injection, or subcutaneous 
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injection. 

Furthermore, the method of administration can be appropriately selected according to 
the age and symptoms of the patient. A single dose of the pharmaceutical composition 
containing an antibody or a polynucleotide encoding an antibody can be selected, for example, 
5 from the range of 0.0001 to 1,000 mg per kg of body weight. Alternatively, the dose may be, 
for example, in the range of 0.001 to 100,000 mg/person. However, the dose is not limited to 
these values. The dose and method of administration vary depending on the patient's body 
weight, age, and symptoms, and can be appropriately selected by those skilled in the art. 

As used herein, the three-letter and single-letter codes for respective amino acids are as 

10 follows: 

Alanine: Ala (A) 

Arginine: Arg (R) 

Asparagine: Asn (N) 

Aspartic acid: Asp (D) 
15 Cysteine: Cys (C) 

Glutamine: Gin (Q) 

Glutamic acid: Glu (E) 

Glycine: Gly (G) 

Histidine: His (H) 
20 Isoleucine: He (I) 

Leucine: Leu (L) 

Lysine: Lys (K) 

Methionine: Met (M) 

Phenylalanine: Phe (F) 
25 Proline: Pro (P) 

Serine: Ser (S) 

Threonine: Thr (T) 

Tryptophan: Trp (W) 

Tyrosine: Tyr (Y) 
30 Valine: Val (V) 

All prior art documents cited herein are incorporated by reference in their entirety. 



35 



Examples 

Hereinbelow, the present invention is specifically described with reference to the 
Examples, but it is not to be construed as being limited thereto. 
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[Example 1 ] Improvement of antigen-binding activity through CDR alteration using affinity 
maturation technology 

Preparation of SR344 

5 A CHO cell line constitutively expressing a sequence of N-terminal 1 st to 344 th amino 

acids of soluble human IL-6R (hereinafter SR344) reported in J. Biochem. (1990) 108, 673-676 
(Yamasaki et a/., Science (1988) 241, 825-828 (GenBank #X12830)) was prepared. 

SR344 was purified from the culture supernatant of SR344-expresssing CHO cells using 
three types of column chromatography: Blue Sepharose 6 FF column chromatography, affinity 

10 chromatography with an SR344-specific antibody-immobilized column, and gel filtration 
column chromatography. 

The culture supernatant was directly loaded onto a Blue Sepharose 6 FF column (GE 
Healthcare Bio-Sciences) equilibrated with 20 mM Tris-HCl buffer (pH 8.0), and the 
non-adsorbed fraction was thoroughly washed off using the same buffer. Then, the column was 

15 washed with the same buffer containing 300 mM KC1. The adsorbed protein was then eluted 

using the same buffer in the presence of 300 mM KC1 with a linear concentration gradient of 0 to 
0.5 M KSCN. Fractions eluted with the KSCN concentration gradient were analyzed by 
Western blotting using an SR344-specific antibody, and fractions containing SR344 were 
collected. 

20 The SR344-specific antibody-immobilized column was pre-equilibrated with 

Tris-buffered saline (TBS). The SR344 fraction obtained in the first step was concentrated by 
ultrafiltration using Amicon Ultra- 15 (MILLIPORE; molecular weight cut-off of 10 kDa), and 
diluted two fold with TBS before it was loaded onto the column. After the column was washed 
with TBS, the adsorbed protein was eluted with 100 mM glycine-HCl buffer (pH 2.5). The 

25 eluted fractions were neutralized by adding 1 M Tris (pH 8.1). The obtained fractions were 
analyzed by SDS-PAGE to collect SR344-containing fractions. 

The fraction obtained in the second step was concentrated using Amicon Ultra- 15 
(molecular weight cut-off of 1 0 kDa) and loaded onto a Superdex 200 column (GE Healthcare 
Bio-Sciences) equilibrated with PBS. The fraction eluted as the major peak was used as the 

30 final purified sample of SR344. 

Establishment of a human gp!30-expressing BaF3 cell line 

A BaF3 cell line expressing human gpl30 was established by the procedure described 
below, to obtain a cell line that proliferates in an IL-6-dependent manner. 
35 A full-length human gpl30 cDNA (Hibi et aL, Cell (1990) 63, 1 149-1 157 (GenBank 

#NM_002184)) was amplified by PCR and cloned into the expression vector pCOS2Zeo to 
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construct pCOS2Zeo/gp!30. pCOS2Zeo is an expression vector constructed by removing the 
DHFR gene expression region from pCHOI (Hirata et a/., FEBS Letter (1994) 356, 244-248) and 
inserting the expression region of the Zeocin resistance gene. The full-length human IL-6R 
cDNA was amplified by PCR and cloned into pcDNA3.1(+) (Invitrogen) to construct 
5 hIL-6R/pcDNA3.1(+). 

10 jLxg of pCOS2Zeo/gpl30 was mixed with BaF3 cells (0.8 x 10 cells) suspended in 
PBS, and then pulsed at 0.33 kV and 950 juFD using Gene Pulser (Bio-Rad). The BaF3 cells 
having the gene introduced by electroporation were cultured for one whole day and night in 
RPMI 1640 medium (Invitrogen) supplemented with 0.2 ng/ml mouse interleukin-3 (Peprotech) 

10 and 10% Fetal Bovine Serum (hereinafter FBS; HyClone), and selected by adding RPMI 1640 
medium supplemented with 1 00 ng/ml human interleukin-6 (R&D systems), 1 00 ng/ml human 
interleukin-6 soluble receptor (R&D systems), and 10% FBS to establish a human 
gpl30-expressing BaF3 cell line (hereinafter BaF3/gpl30). This BaF/gpl30 proliferates in the 
presence of human interleukin-6 (R&D systems) and SR344, and thus can be used to assess the 

15 growth inhibition activity (or IL-6 receptor neutralizing activity) of an anti-IL-6 receptor 
antibody. 

Construction of a library of altered CDRs 

First, a humanized PM-1 antibody (Cancer Res. 1993 Feb 15;53(4):851-6) was 

20 converted into scFv. The VH and VL regions were amplified by PCR to prepare a humanized 
PM-1 HL scFv having the linker sequence GGGGSGGGGSGGGGS (SEQ ID NO: 106) 
between VH and VL. 

Two types of libraries were constructed by PCR using the prepared humanized PM- 1 
HL scFv-encoding DNA as a template. One was a target library where one of the amino acids 

25 in a CDR is designed as X, and the other was a library where only the hot spot sequences in a 
CDR are substituted with random sequences. The target library where one of the amino acids 
in each CDR is designed as X was constructed as follows. The library portion was constructed 
by PCR using a primer containing NNS for the amino acids to be incorporated into the library, 
while the remaining was prepared by standard PCR. The two were linked together by assembly 

30 PCR. In this construction, only one CDR was diversified as a library (see J. Mol. Biol. (1996) 
256, 77-88). Likewise, the library where only the hot spot sequences were substituted with 
random sequences was constructed by PCR using a primer containing NNS for all hot spot 
amino acids. In this construction, two libraries were constructed: one was a library where only 
the hot spot in VH was diversified, and the other was a library where only the hot spot in VL was 

35 diversified (see Nature Biotechnology 1999 June;17:568-572). 

A ribosome display library was constructed using the above-described libraries 
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according to J. Immunological Methods (1999) 231, 1 19-135. To perform in vitro translation 
based on the cell-free E. coli system, an SDA sequence (ribosome binding site) and T7 promoter 
were attached to the 5' end and a partial gene3 sequence was ligated as a ribosome display linker 
to the 3' end using Sfil. 

5 

Selection of high affinity scFv by ribosome display 

Ribosome display-based panning was carried out (Nature Biotechnology 2000 
Dec; 18: 1287-1292). The prepared SR344 was biotinylated using NHS-PE04-Biotin (Pierce) 
and then used as an antigen. Off-rate selection was performed to obtain high affinity scFv with 
10 high efficiency (JBC (2004) 279(18), 18870-18877). The concentrations of biotinylated 

antigen and competitor antigen were 1 nM and 1 ]uM, respectively. The time of competition in 
the fourth round was 10 O/N. 

scFv: insertion into phagemid, antigen binding and sequence analysis 
15 PCR was performed to reconstruct HL scFv using the template DNA pool obtained in 

the fourth round and specific primers. After digestion with Sfil, the fragment was inserted into 
the phagemid vector pELBG lad predigested with Sfil. XL 1 -Blue (Stratagene) was 
transformed with the resulting construct. Using the yielded colonies, antigen binding was 
assessed by phage ELISA and the HL scFv sequence was analyzed. The phage ELISA was 
20 carried out using plates coated with SR344 at 1 jug/ml (J. Mol. Biol. (1992) 227, 381-388). 
Clones exhibiting SR344 binding were analyzed for their sequences using specific primers. 

Conversion of scFv into IgG, and expression and purification of IgG 

IgG expression was conducted using animal cell expression vectors. Clones enriched 

25 with a particular mutation were subjected to PCR to amplify their VLs and VHs. After 

Xhol/Nhel digestion and EcoKl digestion, the amplified DNAs were inserted into an animal cell 
expression vector. The nucleotide sequence of each DNA fragment was determined using a 
DNA sequencer (ABI PRISM 3730xL DNA Sequencer or ABI PRISM 3700 DNA Sequencer 
(Applied Biosystems)) using the BigDye Terminator Cycle Sequencing Kit (Applied 

30 Biosystems) according to the method described in the attached instruction manual. 

Expression of IgG-converted antibodies 

Antibody expression was performed by the method described below. Human 
embryonic kidney cancer-derived HEK293H cells (Invitrogen) were suspended in DMEM 
35 (Invitrogen) supplemented with 10% Fetal Bovine Serum (Invitrogen). The cells (10-ml/plate; 
cell density of 5 to 6 x 10 5 cells/ml) were plated on dishes for adherent cells (10 cm in diameter; 
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CORNING) and cultured in a CO2 incubator (37°C, 5% CO2) for one whole day and night. 
Then, the medium was removed by aspiration, and 6.9 ml of CHO-S-SFM-II medium 
(Invitrogen) was added. The prepared plasmid DNA mixture (13.8 jug in total) was combined 
with 20.7 ]ul of 1 ]ug/ml Polyethylenimine (Polysciences Inc.) and 690 ]ul of CHO-S-SFMII 
5 medium. The resulting mixture was incubated at room temperature for 10 minutes, and then 
added to the cells in each dish. The cells were incubated in a C0 2 incubator (at 37°C under 5% 
CO2) for 4 to 5 hours. Then, 6.9 ml of CHO-S-SFM-II medium (Invitrogen) was added to the 
dishes, and the cells were incubated in a CO2 incubator for three days. The culture supernatants 
were collected and centrifuged (approx. 2000 g, 5 min, room temperature) to remove the cells, 
10 and sterilized through 0.22-)um filter MILLEX W -GV (Millipore). The samples were stored at 
4°C until use. 



Purification of IgG-converted antibodies 

50 }il of rProtein A Sepharose™ Fast Flow (Amersham Biosciences) suspended in TBS 

15 was added to the obtained culture supernatants, and the combined solutions were mixed by 

inversion at 4°C for four hours or more. The solutions were transferred into 0.22-]um filter cups 
of Ultrafree w -MC (Millipore). After washing three times with 500 |ul of TBS, the rProtein A 
Sepharose™ resin was suspended in 100 \il of 50 mM sodium acetate (pH 3.3) aqueous solution, 
and the mixture was incubated for two minutes to elute the antibody. Immediately, the eluate 

20 was neutralized by adding 6.7 |ul of 1 .5 M Tris-HCl (pH 7.8). Elution was carried out twice, 
yielding 200 ]ul of purified antibody. The absorbance at 280 nm was determined using 
ND-1000 Spectrophotometer (NanoDrop) or spectrophotometer DU-600 (BECKMAN) using 2 
or 50 jliI of the antibody solution, respectively. The antibody concentration was calculated from 
the obtained value according to the following formula: 

25 Antibody concentration (mg/ml) = [absorbance x dilution fold] / 14.6 x 10 



Assessment of the IgG-converted clones for human IL-6 receptor-neutralizing activity 
The IL-6 receptor neutralizing activity was assessed using BaF3/gpl30 which 
proliferates in an IL-6/IL-6 receptor-dependent manner. After three washes with RPMI1640 

30 supplemented with 10% FBS, BaF3/gpl30 cells were suspended at 5 x 10 4 cells/ml in 

RPMI1640 supplemented with 60 ng/ml human interleukin-6 (TORAY), 60 ng/ml recombinant 
soluble human IL-6 receptor (SR344), and 10% FBS. The cell suspensions were dispensed (50 
]ul/well) into 96-well plates (CORNING). Then, the purified antibodies were diluted with 
RPMI1640 containing 10% FBS, and added to each well (50 )ul/well). The cells were cultured 

35 at 37°C under 5% C0 2 for three days. WST-8 Reagent (Cell Counting Kit-8; Dojindo 

Laboratories) was diluted two-fold with PBS. Immediately after 20 |ul of the reagent was added 
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to each well, the absorbance at 450 nm (reference wavelength: 620 nm) was measured using 
SUNRISE CLASSIC (TEC AN). After culturing for two hours, the absorbance at 450 nm 
(reference wavelength: 620 nm) was measured again. The IL-6 receptor neutralizing activity 
was assessed using the change of absorbance during two hours as an indicator. 

As a result, a number of antibodies whose activities were higher than that of the 
humanized PM-1 antibody (wild type (WT)) were obtained. Mutations in the antibodies whose 
activities were higher than that of WT are shown in Fig. 4. For example, as shown in Fig. 1, the 
neutralizing activity of RD 6 was about 50 times higher than WT in terms of 100% inhibitory 
concentration. 

Biacore-based affinity analysis of the IgG-converted clones 

The clones whose activities were higher than that of the wild type were analyzed for 
antigen-antibody reaction kinetics using Biacore T100 (BIACORE). The antigen-antibody 
interaction was measured by immobilizing 1800 to 2600 RU (resonance units) of rec-Protein A 
(ZYMED) (hereinafter Protein A) onto a sensor chip, binding various antibodies onto the chip, 
and then running the antigen over the chip as an analyte. Various concentrations of 
recombinant human IL-6R sR (R&D systems) (hereinafter rhIL-6sR) were used as the antigen. 
All measurements were carried out at 25°C. The kinetic parameters, association rate constant 
k a (1/Ms) and dissociation rate constant kd (1/s) were calculated from the sensorgrams obtained 
by measurement. Then, K D (M) was determined based on the rate constants. The respective 
parameters were determined using Biacore T100 Evaluation Software (BIACORE). 

As a result, a number of antibodies exhibiting higher affinity than the humanized PM-1 
antibody (wild type (WT)) were obtained. As an example, sensorgrams of the wild type (WT) 
and RD 6 are shown in Figs. 2 and 3, respectively. The result of kinetic parameter analysis 
revealed that RD 6 had about 50 times higher affinity than WT (Table 1). In addition to RD 6, 
antibodies exhibiting affinity dozens of times higher than WT were also obtained. Mutations 
that result in higher affinity than WT are shown in Fig. 4. 



Table 1 



SAMPLE 


k a (1/Ms) 


k d 


(1/s) 


K D (M) 


WT 


2. 8E+6 


1. 


8E-3 


6. 5E-10 


RD_6 


2. 3E+6 


2. 


8E-5 


1 . 2E-1 1 
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[Example 2] Improvement of antigen binding activity through various combinations of CDR 
alterations 

Mutations associated with strong activity or high affinity were combined to create 
antibodies with stronger activity and higher affinity. 

5 

Production, expression, and purification of altered antibodies 

Amino acids at selected sites were altered to produce altered antibodies. Specifically, 
mutations were introduced into the prepared H(WT) variable region (H(WT), SEQ ID NO: 107) 
and L(WT) variable region (L(WT), SEQ ID NO: 108) using the QuikChange Site-Directed 

10 Mutagenesis Kit (Stratagene) by the method described in the attached instruction manual. After 
it was confirmed that the antibody H chain gene fragment inserted into a plasmid was the 
humanized antibody variable region gene sequence of interest, the plasmid was digested with 
Xhol and Notl. A plasmid containing the antibody L chain gene fragment as an insert was 
digested with EcoRI. Then, the reaction mixtures were subjected to electrophoresis in 1% 

15 agarose gel. A DNA fragment of the expected size (about 400 bp) was purified using the 
QIAquick Gel Extraction Kit (QIAGEN) by the method described in the attached instruction 
manual. The DNA was eluted with 30 |ul of sterile water. Then, the antibody H chain gene 
fragment was inserted into an animal cell expression vector to construct the H chain expression 
vector of interest. An expression vector for the L chain was also constructed in the same way. 

20 Ligation was carried out using the Rapid DNA Ligation Kit (Roche Diagnostics). The E. coli 

strain DH5a (Toyobo) was transformed with the plasmids. The nucleotide sequence of each 
DNA fragment was determined with a DNA sequencer (ABI PRISM 3730xL DNA Sequencer or 
ABI PRISM 3700 DNA Sequencer (Applied Biosystems)) using the BigDye Terminator Cycle 
Sequencing Kit (Applied Biosystems) according to the method described in the attached 
25 instruction manual. The antibodies were expressed using the constructed expression vectors 
and purified by the method described in Example 1 . 

Assessment for the activity of neutralizing human IL-6 receptor 

The purified antibodies were assessed for their neutralizing activity by the method 

30 described in Example 1 . The neutralizing activity was assessed using 600 ng/ml human 

interleukin-6 (TORAY). A number of novel antibodies with stronger activity than WT were 
obtained. The CDR sequences of the antibodies are shown in Fig. 5. Of them, the antibody 
with the strongest activity (referred to as RDC 23) has RDC 5H as an H chain and RDC 1 1L as 
an L chain. The neutralizing activity of RDC 23 is shown in Fig. 6. The activity of RDC 23 

35 was demonstrated to be about 100 times higher than WT in terms of 100% inhibitory 

concentration. Improved neutralizing activity was observed not only in RDC 23, which is an 
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antibody having RDC5H as an H chain and RDCl 1L as an L chain, but also in antibodies 
RDC_2, RDC_3, RDC_4, RDC_5, RDC_6, RDC_7, RDC8, RDC_27, RDC28, RDC_29, 
RDC 30, and RDC 32, which all have L(WT) as an L chain, and RDC 2H, RDC 3H, RDC 4H, 
RDC5H, RDC 6H, RDC 7H, RDC 8H, RDC27H, RDC 28H, RDC 29H, RDC 30H, and 
5 RDC 32H as an H chain, respectively, as well as in an antibody referred to as RDC l 1, which 
has H(WT) and RDC l 1L as H and L chains, respectively. It was thus shown that antibodies 
having stronger neutralizing activity could be obtained by combining mutations discovered by 
affinity maturation. Furthermore, since antibodies containing such a combination of mutations 
had improved neutralizing activity, they were also expected to have improved affinity. 

10 

Biacore-based affinity analysis using Protein A 

Thus, of the antibodies with improved neutralizing activity, RDC 2, RDC 3, RDC 4, 
RDC 5, RDC 6, RDC 7, RDC 8, RDC 1 1, and RDC 23 were analyzed for antigen-antibody 
reaction kinetics using Biacore T100 (BIACORE). The antigen-antibody interaction was 

15 measured by immobilizing 4400 to 5000 RU of rec-Protein A (ZYMED) immobilized onto a 
sensor chip by the amine coupling method, binding various antibodies onto the chip, and then 
running the antigen over the chip as an analyte. For the antigen, various concentrations of 
rhIL-6sR were used. All measurements were carried out at 25°C. The kinetic parameters, 
association rate constant k a (1/Ms) and dissociation rate constant kd (1/s) were calculated from 

20 the sensorgrams obtained by measurement. Then, K D (M) was determined based on the rate 
constants. The respective parameters were determined using Biacore T100 Evaluation 
Software (BIACORE). The result showed that RDC 2, RDC 3, RDC 4, RDC 5, RDC 6, 
RDC7, RDC8, RDCl 1, and RDC23, all of which contained a combination of mutations, 
had a smaller Kd value than RD 28 which contains a single mutation (Table 2). The 

25 sensorgram for RDC 23 which has a higher affinity than others is shown in Fig. 7. 
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Table 2 



SAMPLE 


ka f 1 /Ms) 


kd 


0/s) 


KD (M ) 


RD_28 


9.4E+05 


1 . 


1E-04 


1 .2E-1 0 


RDC 2 


1 .1E+06 


2. 


5E-05 


2.2E-1 1 

r ■ t 1 1 1 


RDC 3 


1 .DE+06 


3 . 


7E-05 


3.7E-1 1 


RDC_4 


1 .1E+06 


2. 


9E-05 


2.7E-11 


RDC_5 


1 .2E+06 


2. 


8E-05 


2.2E-1 1 


RDC_6 


1 .2E+06 


3. 


5E-05 


2.9E-1 1 


RDC 7 


1 .1E+06 


4. 


2E-05 


3.8E-1 1 


RDC 8 


1 .4E+06 


3. 


6E-05 


2.5E-11 


RDC 11 


1 .1E+D6 


7. 


OE-05 


6.5E-11 


RDC 23 


1 .2E+06 


3. 


1E-05 


2.5E-11 



This finding suggests that these antibodies have higher affinities than the parental 
antibodies that do not have the combinations of mutations. As in the case of the neutralizing 
5 activity, this indicates that antibodies having greater affinity can be obtained by combining 
mutations discovered by affinity maturation. The amino acid sequences of variants having 
higher activity or affinity than WT are shown below (mutations relative to WT are underlined). 
(HCDR2) 

SEQ ID NO: 45 YISYSGITNYNPSLKS 
10 (HCDR3) 

SEQ ID NO: 57 LLARATAMDY 

SEQ ID NO: 58 VLARATAMDY 

SEQ ID NO: 59 ILARATAMDY 

SEQ ID NO: 60 TLARATAMDY 
1 5 SEQ ID NO : 6 1 VLARITAMD Y 

SEQ ID NO: 62 ILARITAMDY 

SEQ ID NO: 63 TLARJTAMDY 

SEQ ID NO: 64 LLARITAMDY 

(LCDR3) 

20 SEQ ID NO: 79 GQGNRLPYT 

Specifically, an anti-IL-6 receptor antibody with markedly improved affinity and 
neutralizing activity as compared to WT can be produced by designing the antibody to have Asn 
at amino acid position 9 in HCDR2, Leu, Val, He, or Thr at amino acid position 1 in HCDR3, 
Ala or He at amino acid position 5 in HCDR3, Gly at amino acid position 1 in LCDR3, and Arg 

25 at amino acid position 5 in LCDR3 . 

Biacore-based affinity analysis using Protein A/G 
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WT and RDC23 were analyzed for antigen-antibody reaction kinetics using Biacore 
T100 (BIACORE). The antigen-antibody interaction was measured by immobilizing purified 
Recomb Protein A/G (Pierce) (hereinafter Protein A/G) onto a sensor chip, binding various 
antibodies onto the chip, and then running the antigen as an analyte over the chip. Various 
5 concentrations of rhIL-6sR (R&D systems) and recombinant soluble IL-6 receptor (SR344 
prepared in Example 1 were used as the antigen. The sugar chain structure of rhIL-6sR 
produced by baculo virus-infected insect cells is of high-mannose type. On the other hand, the 
sugar chain structure of SR344 produced by CHO cells is assumed to be of the complex sugar 
chain type with sialic acid at its end. Since the sugar chain structure of soluble IL-6 receptor in 

10 an actual human body is assumed to be of the complex sugar chain type with sialic acid at its end, 
SR344 is expected to have a structure closer to that of soluble IL-6 receptor in the human body. 
Thus, a comparison test between rhIL-6sR and SR344 was carried out in this experiment. 

The kinetic parameters, association rate constant k a (1/Ms) and dissociation rate 
constant ka (1/s) were calculated from the sensorgrams obtained by measurement. Then, Kd 

15 (M) was determined based on the rate constants. The respective parameters were determined 
using Biacore T100 Evaluation Software (BIACORE). 

A sensor chip was prepared by immobilizing about 3000 RU of Protein A/G onto CM5 
(BIACORE) with the amine coupling method. The kinetics of the interaction between the two 
types of soluble IL-6 receptors (rhIL-6sR and SR344) and the antibodies (WT and RDC23) 

20 bound to Protein A/G was analyzed using the prepared sensor chip. The running buffer used 

was HBS-EP+, and the flow rate was 20 ]ul/min. Each antibody was prepared so that about 100 
RU of the antibody was bound to Protein A/G. For the analyte, rhIL-6sR was prepared at 0, 
0.156, 0.313, and 0.625 jug/ml using HBS-EP+, while SR344 was adjusted to 0, 0.0654, 0.131, 
and 0.261 ]ug/ml. In the first step of the measurement, the antibodies of interest, WT and 

25 RDC 23, were bound to Protein A/G, and an analyte solution was added thereto. After three 
minutes of interaction, the solution was switched with HBS-EP+ (BIACORE), and the 
dissociation phase was monitored for ten minutes. After measurement of the dissociation phase, 
the sensor chip was regenerated by washing with 10 ]ul of 10 mM glycine-HCl (pH 1 .5). The 
association, dissociation, and regeneration constitute one analytic cycle. All experiments were 

30 carried out at 37°C. 

WT and RDC 23 were measured according to the above cycle. The resulting 
sensorgrams for the two types of soluble IL-6 receptors, rhIL-6sR and SR344, are shown in Figs. 
8, 9, 10, and 11. The obtained sensorgrams were kinetically analyzed using Biacore T100 
Evaluation Software, which is a data analysis software specific for Biacore (Table 3). The 

35 result showed that when comparing rhIL-6sR and SR344, the affinities of both WT and RDC 23 
for SR344 were two- to three-fold weaker For both rhIL-6sR and SR344, RDC 23 had 
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affinities that are about 40 to 60 times improved as compared to WT. Thus, it was 
demonstrated that because of the combination of respective CDR alterations obtained by affinity 
maturation, RDC 23 also had a markedly higher affinity than WT for SR344 whose structure is 
presumably close to that of soluble IL-6 receptor in the human body. All measurements 
5 described hereinafter in the Examples were carried out at 37°C to kinetically analyze the 
antigen-antibody reaction using SR344 and protein A/G. 



Table 3 



SAMPLE 


ANALYTE 


K d/Ms) 


k d (1/s) 


K D (M) 


WT 


rhlL-6sR 
SR344 


1 . 3E+6 
4. 9E+5 


1 . 5E-3 

2. OE-3 


1 . 2E-9 
4. OE-9 


RDC_23 


rhlL-6sR 
SR344 


1 . 6E+6 
6. 4E+5 


4. 5E-5 
4. 3E-5 


2. 8E-11 
6. 7E-11 



10 

[Example 3] Generation of H53/L28 with improved pharmacokinetics and reduced 
immunogenicity risk through alterations of CDR and framework 

The antibody obtained by humanizing a mouse PM-1 antibody (hereinafter referred to 
as wild type or WT; the WT H and L chains are referred to as H(WT) and L(WT), respectively) 
15 as described in Cancer Res. 1993 Feb 15;53(4):851-6, was altered to improve the 

pharmacokinetics, reduce the immunogenicity risk, and increase the stability. The alterations 
are described below. For the purpose of improving the pharmacokinetics, the H and L chain 
variable region sequences of WT were altered to lower the isoelectric point. 

20 Creation of a three-dimensional structure model for the humanized PM-1 antibody 

First, to identify amino acid residues exposed on the surface of the variable regions of 
the humanized PM-1 antibody (H(WT)/L(WT)), a model for the Fv domain of the antibody 
obtained by humanizing a mouse PM-1 antibody was created by homology modeling using the 
MOE software (Chemical Computing Group Inc.). 

25 

Selection of alteration sites to reduce the isoelectric point of the humanized PM-1 antibody 

A detailed analysis of the model created suggested that of the surface exposed amino 
acids in the FR sequence, H16, H43, H81, H105, L18, L45, L79, and L107 (in Kabat's 
numbering system; Kabat EA et al. 9 1991, Sequences of Proteins of Immunological Interest, 
30 NIH), and of those in the CDR sequence, H31, H64, H65, L24, L27, L53, and L55, were 

potential candidates for the sites of alteration to reduce the isoelectric point without decreasing 



90 



Translation for WO 2009/041621 



the activity or stability. 

Removal of remaining mouse sequences from the humanized PM-1 antibody 

The humanized PM-1 antibody is an antibody whose sequence was obtained by 
5 humanizing the mouse PM-1 antibody (Cancer Res. 1993 Feb 15;53(4):851-6). The H chain of 
the humanized PM-1 antibody was obtained by grafting CDR onto the NEW framework which is 
a human antibody variable region. However, mouse sequences remain at H27, H28, H29, H30, 
and H71 in the H chain to maintain the activity. From the perspective of immunogenicity risk, 
the best result is expected when the number of mouse sequences is minimized. Thus, the 
10 present inventors searched for sequences for converting H27, H28, H29, and H30 into human 
sequences. 

Selection of alteration sites to improve the stability of the humanized PM- 1 antibody 

The present inventors speculated that it might be possible to improve the stability of the 

15 humanized PM-1 antibody (H(WT)/L(WT)) by substituting glycine for serine at H65 

(stabilization of the turn structure; stabilization through conversion into an HCDR2 consensus 
sequence), isoleucine for methionine at H69 (stabilization of the hydrophobic core structure), 
serine for leucine at H70 (stabilization through replacement of the surface exposed residue with a 
hydrophilic residue), asparagine for threonine at H58 (stabilization through conversion into an 

20 HCDR2 consensus sequence), serine for threonine at L93 (stabilization through replacement of 
the surface exposed residue with a hydrophilic residue), and isoleucine for serine at HI 07 
(stabilization of the P sheet) in its variable regions, and considered these alterations as candidates 
for increasing stability. 

25 Removal of in silico predicted T-cell epitopes from the humanized PM-1 antibody 

First, the variable regions of the humanized PM-1 antibody (H(WT)/L( WT)) were 
analyzed using TEPITOPE (Methods 2004 Dec;34(4):468-75). The result showed that the L 
chain CDR2 contained many T-cell epitopes that bind to HLA. Thus, TEPITOPE analysis was 
carried out to find alterations that would reduce the immunogenicity risk of the L chain CDR2 

30 without decreasing the stability, binding activity, or neutralizing activity. The result 

demonstrated that HLA-binding T-cell epitopes can be removed without decreasing the stability, 
binding activity, or neutralizing activity by substituting glycine for threonine at L5 1 in the L 
chain CDR2. 

35 Selection of respective framework sequences 

Homology search can be performed for the individual frames by using a database 



91 



Translation for WO 2009/041621 



constructed with the data of human antibody amino acid sequences available from the public 
databases: Kabat Database (ftp://ftp.ebi.ac.uk/pub/databases/kabat/) and IMGT Database 
(http://imgt.cines.fr/). From the perspectives of reducing the isoelectric point, removing 
remaining mouse sequences, and improving the stability, human frameworks were selected by 
5 searching the database for human framework sequences containing the alterations described 
above. The result showed that the altered antibody H53/L28 met the requirements described 
above without decreasing the binding activity or neutralizing activity when its respective 
frameworks were constituted of the sequences indicated below. SOURCE indicates origins of 
the human sequences. Underlined amino acid residues in each sequence represent altered 
10 amino acids relative to WT. 



Table 4 



H53 


SOURCE 


SEQUENCE 


FR1 


Germline : IMGT_hVH_4_b 




QVQLQESGPGLVKPSETLSLTCAVSGYSIS 


FR2 


Blood 1996 BB: 4620-4629 




WVRQPPGEGLEWIG 


FR3 


Germline : IMGT hVH 4 b (except bold-indicated 

H71 & H89) 


RVTISRDTSKNQFSLKLSSVTAADTAAYYCAR 


FR4 


J IMMUNOL 142: 4027-4033 (19S9) 




WGEGTLVTVSS 



L28 


SOURCE 


SEQUENCE 


FR1 


Immunology. 1 988 Aug; 64(4): 573-9 


DIQMTQSPSSLSASVGDSVTITC 


FR2 


Germline : IMGT_hVk_1 D_8 


WYQQKPGKAPELLIY 


FR3 


Germline : IMGT_hVk_6D_41 


GVPSRFSGSGSGTDFTFTISSLEAEDAATYYC 


FR4 


J. Exp. Med. 1997 195: 1435-1446 


FGQGTKVEIE 



Furthermore, the above-described FR3 of H53 contains a non-human sequence; thus, it 
15 is preferable to further reduce the immunogenicity risk. A possible alteration for reducing the 
immunogenicity risk is a sequence substitution resulting in an exchange of Ala at H89 to Val 
(SEQ ID NO: 127). Moreover, since Arg at H71 in FR3 of H53 is important for the binding 
activity (Cancer Res. 1993 Feb 15;53(4):851-6), anti-human IL-6 receptor antibodies containing 
H and L chains whose frameworks consist of a fully human sequence may be produced by using 
20 an FR3 sequence of the human VH1 subclass (SEQ ID NO: 128) or the human VH3 subclass 
(SEQ ID NO: 129) where Arg at H71 is conserved. 

Selection of respective CDR sequences 

The respective CDR sequences of H53/L28 were selected as shown below, from the 
25 perspectives of reducing the isoelectric point, improving the stability, and removing T-cell 
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epitopes, and most importantly, not decreasing the binding activity or neutralizing activity. 



Table 5 



H53 


SEQUENCE 


^**V P"\ J 

CDR1 


DDHAWS 


CDR2 


YISYSGITNYNPSLKG 


CDR3 


SLARTTAMDY 






L28 


SEQUENCE 


CDR1 


QASQDISSYLN 


CDR2 


YGSELHS 


CDR3 


QQGNSLPYT 



Construction of expression vector for altered antibody, expression and purification of the 
antibody 

An expression vector for altered antibody was constructed, and the antibody was 
expressed and purified by the method described in Example 1 . The humanized mouse PM-1 
antibody was successively altered to have the framework and CDR sequences selected for 
mutagenesis vectors for H(WT) and L(WT) of the antibody. Using the finally obtained 
H53/L28-encoding animal cell expression vector (antibody amino acid sequences: H53, SEQ ID 
NO: 104; and L28, SEQ ID NO: 105) having the selected framework and CDR sequences, 
H53/L28 was expressed and purified, and then used in the assessment described below. 

Assessment of altered antibody H53/L28 for the isoelectric point by isoelectric focusing 

WT and the altered antibody H53/L28 were analyzed by isoelectric focusing to assess 
the change in the isoelectric point of the whole antibody caused by the amino acid alterations in 
the variable regions. The procedure of isoelectric focusing is described below. Using 
Phastsystem Cassette (Amersham Biosciences), Phast-Gel Dry IEF gel (Amersham Biosciences) 
was rehydrated for about 30 minutes in the rehydration solution indicated below. 

Milli-Q water 1 .5 ml 

Pharmalyte 5-8 for IEF (Amersham Biosciences) 50 |ul 

Pharmalyte 8-10.5 for IEF (Amersham Biosciences) 50 yd 

Electrophoresis was carried out in PhastSystem (Amersham Biosciences) using the 
rehydrated gel according to the program indicated below. The samples were loaded onto the 
gel in Step 2. Calibration Kit for pi (Amersham Biosciences) was used as the pi markers. 
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Stepl: 2000 V 2.5 mA 3.5 W 15°C 75 Vh 

Step 2: 200 V 2.5 mA 3.5 W 15°C 15 Vh 

Step 3: 2000 V 2.5 mA 3.5 W 15°C 410 Vh 

After electrophoresis, the gel was fixed with 20% TCA, and then silver-stained using 
5 the Silver Staining Kit, protein (Amersham Biosciences), according to the protocol attached to 
the kit. After staining, the isoelectric point of the sample (the whole antibody) was calculated 
from the known isoelectric points of pi markers. The result showed that the isoelectric point of 
WT was about 9.3, and the isoelectric point of the altered antibody H53/L28 was about 6.5 to 6.7. 
The amino acid substitution in WT yielded H53/L28 whose isoelectric point is about 2.7 lowered. 
10 The theoretical isoelectric point of the variable regions of H53/L28 (VH and VL sequences) was 
calculated by GENETYX (GENETYX CORPORATION). The determined theoretical 
isoelectric point was 4.52. Meanwhile, the theoretical isoelectric point of WT was 9.20. Thus, 
the amino acid substitution in WT yielded H53/L28 having a variable region whose theoretical 
isoelectric point is about 4.7 lowered. 

15 

Assessment of H53/L28 for the human IL-6 receptor-neutralizing activity 

WT and H53/L28 were assessed by the method described in Example 1 . The result is 
shown in Fig. 12. The activity of altered antibody H53/L28 to neutralize BaF/gpl30 improved 
several fold in comparison to WT. Specifically, the comparison of H53/L28 with WT revealed 
20 that the isoelectric point could be reduced while improving the neutralizing activity. 

Biacore-based analysis of H53/L28 for the affinity for human IL-6 receptor 

The affinities of WT and H53/L28 for human IL-6 receptor were assessed by kinetic 

analysis using Biacore T100 (BIACORE). The antigen-antibody interaction was measured by 
25 immobilizing purified Recomb Protein A/G (Pierce) (hereinafter Protein A/G) onto a sensor chip, 

binding various antibodies onto the chip, and then running the antigen over the chip as an analyte. 

Various concentrations of recombinant soluble IL-6 receptor (SR344) were used as the antigen. 

The measurement conditions were the same as described in Example 2. 

The sensorgrams obtained for WT and H53/L28 are shown in Fig. 13. Kinetic analysis 
30 was carried out using Biacore-specific data analysis software Biacore T100 Evaluation Software. 

The result is shown in Table 6. The result showed that K D in H53/L28 was reduced about 

six-fold compared to WT, and this means the affinity was improved about six-fold. 

Specifically, the comparison of H53/L28 with WT revealed that the affinity could be improved 

six-fold while reducing the isoelectric point at the same time. A detailed analysis suggested 
35 that the amino acid mutation that contributed to the affinity improvement was the substitution of 

glycine for threonine at L5 1 . In other words, it is thought that the affinity can be improved by 
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substituting glycine for threonine at L5 1 . 



Table 6 



SAMPLE 


k a (1/Ms) 


k d 


(1/s) 


Kd (M) 


WT 


4. 9E+5 


2. 


OE-3 


4. OE-9 


H53/L28 


7. 6E+5 


5. 


2E-4 


6. 8E-10 



5 

Prediction of T-cell epitopes in H53/L28 using TEPITOPE 

H53/L28 was analyzed by TEPITOPE (Methods. 2004 Dec;34(4):468-75). The result 
showed that the number of potential HLA-binding peptides was significantly reduced in 
H53/L28 as compared to WT. This suggests reduction of the immunogenicity risk in human. 

10 

[Example 4] Assessment of the plasma retention of H53/L28 

Assessment of the altered antibody H53/L28 for its plasma pharmacokinetics in normal mice 
To assess the retention in plasma of the altered antibody H53/L28 with reduced 

1 5 isoelectric point, the plasma pharmacokinetics was compared between WT and the altered 
antibody H53/L28 using normal mice. 

A single dose of WT or H53/L28 was intravenously or subcutaneously administered at 1 
mg/kg to mice (C57BL/6J; Charles River Japan, Inc.). The blood was collected before 
administration and 15 minutes, two hours, eight hours, one day, two days, five days, seven days, 

20 14 days, 21 days, and 28 days after administration. Note that the blood was collected at 15 
minutes after administration only from the intravenous administration groups. The collected 
blood was immediately centrifuged at 4°C and 15,000 rpm for 15 minutes to obtain plasma. 
The separated blood plasma was stored until use in a freezer at -20°C or below. 

The concentration in the mouse plasma was determined by ELISA. First, 

25 Recombinant Human IL-6 sR (R&D Systems) was biotinylated using EZ-LinkTM 

Sulfo-NFS-Biotinylation Kit (PIERCE). The biotinylated human-sIL-6R was dispensed into 
Reacti-Bind Streptavidin High Binding Capacity (HBC) Coated Plates (PIERCE), and then 
incubated at room temperature for one hour or more. Thus, human-sIL-6R-immobilized plates 
were prepared as described above. Mouse plasma samples and standard samples (plasma 

30 concentrations: 3.2, 1.6, 0.8, 0.4, 0.2, 0.1, and 0.05 jug/ml) were prepared and dispensed into the 
human-sIL-6R-immobilized plates. The samples were incubated at room temperature for one 
hour, and then anti-human IgG-AP (SIGMA) was added for reaction. After color development 
using the BluePhos Microwell Phosphatase Substrates System (Kirkegaard & Perry 
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Laboratories) as a substrate, the absorbance at 650 nm was measured with a microplate reader. 
The plasma concentrations in the mice were determined based on the absorbance of the 
calibration curve using the analytical software SOFTmax PRO (Molecular Devices). The time 
courses for the plasma concentrations of WT and H53/L28 after intravenous administration and 
5 subcutaneous administration are shown in Figs. 14 and 15, respectively. 

The obtained plasma concentration-time data were evaluated by a model-independent 
analysis using the pharmacokinetic analysis software WinNonlin (Pharsight) to estimate 
pharmacokinetic parameters (AUC, clearance (CL), and half- life (Tl/2)). Tl/2 was estimated 
from the plasma concentrations at the last three points or those in the terminal phase 
10 automatically selected by WinNonlin. BA was calculated from the ratio of AUC after 

subcutaneous administration versus AUC after intravenous administration. The determined 
pharmacokinetic parameters are shown in Table 7. 



Table 7 



15 





iv 






SC 






CL 


Tl/2 


CL/F 


Tl/2 


BA 




mL/h/kg 


day 


mL/h/kg 


day 


% 


WT 


0.177 


18.5 


0.180 


14.7 


113 


H53/L28 


0.102 


23.5 


0.086 


29.7 


121 



The half-life (Tl/2) of H53/L28 in plasma after intravenous administration was 
prolonged to about 1.3 times that of WT, while the clearance was reduced about 1.7 times. 
Tl/2 of H53/L28 after subcutaneous administration was prolonged to about twice that of WT, 
while the clearance was reduced about 2.1 times. Thus, the pharmacokinetics of H53/L28 
20 could be significantly improved by lowering the isoelectric point of WT. 

H53/L28 is a humanized anti-IL-6 receptor antibody with improved binding activity and 
neutralizing activity, reduced immunogenicity risk, and significantly improved pharmacokinetics 
as compared to the humanized PM-1 antibody (WT). Therefore, the alterations used to create 
H53/L28 may be very useful in the development of pharmaceuticals. 

25 

[Example 5] Preparation of the PF1 antibody 

Construction of expression and mutagenesis vectors for the humanized PM-1 antibody 

A total of four CDR mutations discovered in Example 2which improve the affinity of 
30 RDC 23 (two each in the H and L chains) were introduced into H53/L28 created in Example 4. 
The H and L chains obtained by introducing the mutations of RDC 23 into H53/L28 were 
named PF1H and PF1L, respectively. The altered antibody was prepared, expressed, and 
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purified by the method described in Example 1 . The amino acid sequences of PF1H and 
PF1L are shown in SEQ ID NOs: 22 and 23, respectively. 

Assessment for the human IL-6 receptor-neutralizing activity 
5 The neutralizing activity of the purified PF 1 antibody was assessed by the method 

described in Example 1 . The neutralizing activity assessment was carried out using 600 ng/ml 
human interleukin-6 (TORAY). The neutralizing activities of WT and PF1 are shown in Fig. 
16. PF1 was demonstrated to have an activity about 100 to 1000 times higher than WT in terms 
of 100% inhibitory concentration. 

10 

Biacore-based analysis of the PF 1 antibody for the affinity for human IL-6 receptor 

This measurement was carried out under the same conditions described in Example 2. 
The running buffer used was HBS-EP+, and the flow rate was 20 ]ul/min. Each antibody was 
prepared so that about 100 RU of the antibody was bound to Protein A/G. SR344 was prepared 

15 at 0, 0.065, 0.131, and 0.261 )ug/ml using HBS-EP+ and used as an analyte. In the first step of 
the measurement, the antibody in solution was bound to Protein A/G, and the analyte solution 
was allowed to interact therewith. After three minutes of interaction, the solution was switched 
to HBS-EP+, and the dissociation phase was monitored for 10 or 15 minutes. After 
measurement of the dissociation phase, the sensor chip was regenerated by washing with 10 \il of 

20 10 mM glycine-HCl (pH 1.5). The association, dissociation, and regeneration constitute one 
analysis cycle. Each antibody was measured according to this cycle. 

The obtained sensorgram for PF1 is shown in Fig. 17. The sensorgram was kinetically 
analyzed using the Biacore-specific data analysis software, Biacore T100 Evaluation Software. 
The result is shown along with those for WT and H53/L28 in Table 8. The result showed that 

25 the affinity of PF1 was about 150 times improved as compared to WT. RDC 23 has a high 
affinity as a result of combination through affinity maturation, and H53/L28 has an enhanced 
pharmacokinetics and improved affinity. Through combination of both, PF1 obtained a higher 
affinity than RDC 23 or H53/L28 by an additive effect. 
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Table 8 



SAMPLE k a (1/Ms) k d (1/s) K D (M) 



WT 4.SE+D5 2.DE-Q3 4. DE-OS 

RDC 23 B.4E+D5 4.3E-D5 B.7E-11 




7.BE+D5 5.2E-Q4 B.BE-1D 

PF1 1.3E+DB 3.5E-D5 2.7E-11 



Assessment of the PF1 antibody for thermal stability by differential scanning calorimetry (DSC) 
5 To assess the thermal stability of the PF1 antibody, the midpoint of thermal denaturation 

(Tm value) was determined by differential scanning calorimetry (DSC). The purified 
antibodies of WT and PF1 were dialyzed against a solution of 20 mM sodium acetate, 150 mM 
NaCl, pH 6.0 (EasySEP, TOMY). DSC measurement was carried out at a heating rate of 
l°C/min from 40 to 100°C at a protein concentration of about 0.1 mg/ml. The result showed 
10 that the Tm of the WT Fab domain was about 94°C and that of the PF1 Fab domain was 91°C. 
The Tm of the Fab domain of an IgGl type antibody molecule is generally within the range of 
about 60 to 85°C (Biochem. Biophys. Res. Commun. 2007 Apr 13;355(3):751-7; Mol Immunol. 
2007 Apr;44(l l):3049-60). Thus, the observed thermal stability of the PF1 antibody was 
extremely high as compared to those of typical IgGl molecules. 

15 

Assessment of the PF1 antibody for stability at high concentrations 

The PF1 antibody was assessed for stability in high concentration formulations. 
Purified WT and PF1 antibodies were dialyzed against a solution of 20 mM histidine chloride, 
150 mM NaCl, pH 6.5 (EasySEP, TOMY), and then concentrated by ultrafilters. The 
20 antibodies were tested for stability at high concentrations. The conditions were as follows. 

Antibodies: WT and PF1 

Buffer: 20 mM histidine chloride, 150 mM NaCl, pH 6.0 
Concentration: 145 mg/ml 

Storage temperature and time period: 25°C for two weeks, 25°C for four weeks, or 25°C 
25 for seven weeks 

Aggregation assessment method: 

System: Waters Alliance 

Column: G3000SWxl (TOSOH) 

Mobile phase: 50 mM sodium phosphate, 300 mM KC1, pH 7.0 
30 Flow rate, wavelength: 0.5 ml/min, 220 nm 

100 times diluted samples were analyzed 
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The contents of aggregate in the initial formulations (immediately after preparation) and 
formulations stored under various conditions were evaluated by the gel filtration chromatography 
described above. Differences (amounts increased) in the content of aggregate relative to the 
initial formulations are shown in Fig. 18. As a result, the following findings were obtained: (1) 
5 both WT and PF1 were very stable; (2) the amount of aggregate increased during seven weeks at 
25°C was about 0.7% for WT and about 0.3% for PF1, which means that the amount of 
aggregate increased per month at 25°C was about 0.4% and about 0.17%, respectively; and (3) 
PF1 was markedly stable at high concentrations. WO 2003/039485 has disclosed data on the 
stability of Daclizumab, which is available as a high concentration IgG formulation on the 

10 market, at 25°C in a 100 mg/ml preparation. The amount of aggregate increased per month at 
25°C is about 0.3% in the formulation of 100 mg/ml Daclizumab. Even when compared to 
Daclizumab, PF1 exhibits an excellent stability at high concentrations. The increase of the 
number of aggregates is very problematic in developing high-concentration liquid formulations 
as pharmaceuticals. The increase of PF1 antibody aggregate was demonstrated to be very small 

15 even when the concentration of the PF1 antibody was high. 

PF1 is a molecule resulting from alteration of WT. The purposes of the alteration 
include improvement of the antigen-binding activity, improvement of the pharmacokinetics by 
lowering its isoelectric point, reduction of the immunogenicity risk by removing T-cell epitopes 
and remaining mouse sequences, and improvement of the stability. Indeed, the stability of PF1 

20 in 100 mg/ml or higher concentration preparations was demonstrated to be very high even when 
compared to WT. Stable and highly convenient high-concentration formulations for 
subcutaneous administration can be provided by using such molecules. 

[Example 6] PK/PD test of the PF1 antibody using human IL-6 receptor transgenic mice 

25 

Test for pharmacokinetics (in vivo kinetics) using human IL-6 receptor transgenic mice 

WT and PF1 prepared in Example 5 were assessed for their pharmacokinetics (in vivo 

kinetics) in human IL-6 receptor transgenic mice (hIL-6R tg mice; Proc. Natl. Acad. Sci. USA. 

1995 May 23;92(1 1):4862-6) and their human soluble IL-6 receptor-neutralizing activity in vivo. 
30 WT and PF1 were intravenously administered once at 10 mg/kg into hIL-6R tg mice. Blood 

was collected before administration and 15 minutes, two, four, and eight hours, one day, two, 

four, and seven days after administration. The blood collected was immediately centrifuged at 

4°C and 15,000 rpm for 15 minutes to obtain blood plasma. The separated plasma was stored 

in a freezer at -20°C or below until use. 
35 The concentrations in the mouse plasma were determined by ELISA. Standard 

samples were prepared at 6.4, 3.2, 1.6, 0.8, 0.4, 0.2, and 0.1 ]ug/ml as concentrations in plasma. 
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Mouse plasma samples and standard samples were dispensed into immunoplates (Nunc-Immuno 
Plate, MaxiSorp (Nalge nunc International)) coated with Anti-human IgG (y-chain specific) 
F(ab')2 (Sigma). The samples were incubated at room temperature for one hour, and then Goat 
Anti-Human IgG-BIOT (Southern Biotechnology Associates) and Streptavidin- alkaline 
5 phosphatase conjugate (Roche Diagnostics) were subsequently added for reaction. After color 
development using the BluePhos Microwell Phosphatase Substrates System (Kirkegaard & Perry 
Laboratories) as a substrate, the absorbance at 650 nm was measured with a microplate reader. 
The concentrations in the mouse plasma were determined based on the absorbance of the 
calibration curve using the analytical software SOFTmax PRO (Molecular Devices). The time 
10 courses for the plasma concentrations of WT and PF1 are shown in Fig. 19. The plasma PF1 
concentration four days after administration was about five times higher than WT. This 
suggests that the pharmacokinetics of PF1 of human IL-6 receptor transgenic mice is improved 
as compared to WT. 

The human IL-6 receptor transgenic mice have been demonstrated to produce plasma 

15 circulating human soluble IL-6 receptor. Thus, the human soluble IL-6 receptor-neutralizing 
efficacy in plasma can be assessed by administering anti-human IL-6 receptor antibodies to 
human IL-6 receptor transgenic mice. 

The concentration of free human soluble IL-6 receptor in mouse plasma was determined 
to assess the degree of neutralization of human soluble IL-6 receptor by administration of WT or 

20 PF1 . Six microliters of the mouse plasma was diluted two-fold with a dilution buffer 

containing BSA. The diluted plasma was loaded onto an appropriate amount of rProtein A 
Sepharose Fast Flow resin (GE Healthcare) dried in 0.22-|um filter cup (Millipore), and all IgG 
type antibodies (mouse IgG, anti-human IL-6 receptor antibody, and anti-human IL-6 receptor 
antibody-human soluble IL-6 receptor complex) in the plasma were adsorbed by Protein A. 

25 Then, the solution in the cup was spinned down using a high-speed centrifuge to collect the 

solution that passed through. Since the solution that passed through does not contain Protein 
A-bound anti-human IL-6 receptor antibody-human soluble IL-6 receptor complex, the 
concentration of free soluble IL-6 receptor can be determined by measuring the concentration of 
human soluble IL-6 receptor in the passed solution. The concentration of soluble IL-6 receptor 

30 was determined using Quantikine Human IL-6 sR (R&D Systems). The concentration of free 
soluble IL-6 receptor in mice was measured 4, 8, 24, 48, 96, and 168 hours after administration 
of WT or PF1 according to the attached instruction manual. 

The result is shown in Fig. 20. In both cases of WT and PF1, the concentration of free 
soluble IL-6 receptor was 10 ng/ml or less, four hours and up to eight hours after intravenous 

35 administration of a single dose of WT or PF1 at 10 mg/kg, indicating that the human soluble 

IL-6 receptor was neutralized. However, while the concentration of free soluble IL-6 receptor 
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was about 500 ng/ml 24 hours after WT administration, it was 10 ng/ml or less after PF1 
administration. This indicates that PF 1 neutralizes human soluble IL-6 receptor in a more 
sustainable way than WT. 

PF1 was created by combining RDC23 discovered through affinity maturation and 
5 H53/L28 exhibiting improved properties such as improved pharmacokinetics, and thus predicted 
to be able to exhibit prolonged retention in plasma and high neutralizing activity in vivo. 
Indeed, as compared to WT, PF1 was demonstrated to be more sustainable in plasma and to 
exhibit a prolonged neutralizing effect in human IL-6 receptor transgenic mice producing human 
soluble IL-6 receptor. 

10 PF1 is more superior than WT (humanized PM-1 antibody) in terms of immunogenicity 

risk and stability in high concentration preparations, as well as retention in plasma and IL-6 
receptor-neutralizing effect in human IL-6 receptor transgenic mice. Thus, the alterations made 
to create PF1 may be very useful in the development of pharmaceuticals. 

1 5 [Example 7] Improvement of the stability of IgG2 and IgG4 under acidic condition 

Construction of expression vectors for IgG2- or IgG4-converted humanized IL-6 receptor 
antibodies and expression of the antibodies 

To reduce the Fey receptor binding, the constant region of humanized PM-1 antibody 

20 (Cancer Res. 1993 Feb 15;53(4):85 1-6), which is of the IgGl isotype, was substituted with IgG2 
or IgG4 (Mol. Immunol. 1993 Jan;30(l):105-8) to generate molecules WT-IgG2 (SEQ ID NO: 
109) and WT-IgG4 (SEQ ID NO: 110). An animal cell expression vector was used to express 
the IgGs. An expression vector, in which the constant region of humanized PM-1 antibody 
(IgGl) used in Example 1 was digested with NheVNotl and then substituted with the IgG2 or 

25 IgG4 constant region by ligation, was constructed. The nucleotide sequence of each DNA 

fragment was determined with a DNA sequencer (ABI PRISM 3730xL DNA Sequencer or ABI 
PRISM 3700 DNA Sequencer (Applied Biosystems)) using the BigDye Terminator Cycle 
Sequencing Kit (Applied Biosystems) according to the attached instruction manual. Using the 
WT L chain, WT-IgGl, WT-IgG2, and WT-IgG4 were expressed by the method described in 

30 Example 1. 

(1) Humanized PM-1 antibody (WT-IgGl) H chain, SEQ ID NO: 15 (amino acid sequence) 

(2) WT-IgG2 H chain, SEQ ID NO: 109 (amino acid sequence) 

(3) WT-IgG4 H chain, SEQ ID NO: 110 (amino acid sequence) 

35 Purification of WT-IgGl, WT-IgG2, and WT-IgG4 through elution from Protein A using 
hydrochloric acid 
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50 jlxI of rProtein A Sepharose™ Fast Flow (Amersham Biosciences) suspended in TBS 
was added to the obtained culture supernatants, and the combined solutions were mixed by 
inversion at 4°C for four hours or more. The solutions were transferred into 0.22-jum filter cups 
of Ultrafree (R -MC (Millipore). After washing three times with 500 ]ul of TBS, the rProtein A 
5 Sepharose™ resins were suspended in 100 ]ul of 10 mM HC1/150 mM NaCl (pH 2.0) and the 
mixtures were incubated for two minutes to elute the antibodies (hydrochloric acid elution). 
Immediately, the eluates were neutralized by adding 6.7 jul of 1.5 M Tris-HCl (pH 7.8). The 
elution was carried out twice, yielding 200 ]il of purified antibodies. 

10 Gel filtration chromatography analysis of WT-IgGl, WT-IgG2, and WT-IgG4 purified by 
hydrochloric acid elution 

The contents of aggregate in the purified samples obtained by hydrochloric acid elution 
were assessed by gel filtration chromatography analysis. 
Aggregation assessment method: 
15 System: Waters Alliance 

Column: G3000SWxl (TOSOH) 

Mobile phase: 50 mM sodium phosphate, 300 mM KC1, pH 7.0 
Flow rate, wavelength: 0.5 ml/min, 220 nm 
The result is shown in Fig. 21. While the content of aggregate in WT-IgGl after 

20 purification was about 2%, those of WT-IgG2 and WT-IgG4 after purification were about 25%. 
This suggests that IgGl is stable to acid during hydrochloric acid elution, and by contrast, IgG2 
and IgG4 are unstable and underwent denaturation/aggregation. Thus, the stability of IgG2 and 
IgG4 under acidic condition was demonstrated to be lower than that of IgGl . Protein A has 
been frequently used to purify IgG molecules, and the IgG molecules are eluted from Protein A 

25 under acidic condition. In addition, virus inactivation, which is required when developing IgG 
molecules as pharmaceuticals, is generally carried out under acidic condition. It is thus 
desirable that the stability of IgG molecules under acidic condition is higher. However, the 
stability of IgG2 and IgG4 molecules under acidic condition was found to be lower than that of 
IgGl, and suggests for the first time that there is a problem of denaturation/aggregation under 

30 acidic condition in developing IgG2 and IgG4 molecules as pharmaceuticals. It is desirable that 
this problem of denaturation/aggregation be overcome when developing them as pharmaceuticals. 
To date, however, no report has been published on a method for solving this problem through 
amino acid substitution. 

35 Preparation and assessment of WT-IgG2 and WT-IgG4 having an altered CH3 domain 

The stability of IgG2 and IgG4 molecules under acidic condition was demonstrated to 
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be lower than that of IgGl . Thus, altered forms of IgG2 and IgG4 molecules were tested to 
improve the stability under acidic condition. According to models for the constant regions of 
IgG2 and IgG4 molecules, one of the potential destabilizing factors under acidic condition was 
thought to be the instability at the CH3-CH3 domain interface. As a result of various 
5 examinations, methionine at position 397 in the EU numbering system in IgG2, or arginine at 
position 409 in the EU numbering system in IgG4 was thought to destabilize the CH3/CH3 
interface. Then, altered IgG2 and IgG4 antibodies were prepared. An altered IgG2 antibody 
comprises the substitution of valine for methionine at position 397 in the EU numbering system 
(IgG2-M397V, SEQ ID NO: 111 (amino acid sequence)) and an altered IgG4 antibody 

10 comprises the substitution of lysine for arginine at position 409 in the EU numbering system 
(IgG4-R409K, SEQ ID NO: 1 12 (amino acid sequence)). 

The methods used for constructing expression vectors for the antibodies of interest, and 
expressing and purifying the antibodies, were the same as those used for the hydrochloric acid 
elution described above. Gel filtration chromatography analysis was carried out to estimate the 

1 5 contents of aggregate in the purified samples obtained by hydrochloric acid elution from Protein 
A. 

Aggregation assessment method: 

System: Waters Alliance 
Column: G3000SWxl (TOSOH) 
20 Mobile phase: 50 mM sodium phosphate, 300 mM KC1, pH 7.0 

Flow rate, wavelength: 0.5 ml/min, 220 nm 
The result is shown in Fig. 21 . While the content of aggregate in WT-IgGl after 
purification was about 2%, those in WT-IgG2 and WT-IgG4 after purification were about 25%. 
By contrast, the contents of aggregate in variants with altered CH3 domain, IgG2-M397V and 
25 IgG4-R409K, were comparable (approx. 2%) to that in IgGl . This finding demonstrates that 

the stability of an IgG2 or IgG4 antibody under acidic condition can be improved by substituting 
valine for methionine of IgG2 at position 397 in the EU numbering system or lysine for arginine 
of IgG4 at position 409 in the EU numbering system, respectively. Furthermore, the midpoint 
temperatures of thermal denaturation of WT-IgG2, WT-IgG4, IgG2-M397V, and IgG4-R409K 
30 were determined by the same method as described in Example 5. The result showed that the 

Tm value for the altered CH3 domain was higher in IgG2-M397V and IgG4-R409K as compared 
to WT-IgG2 and WT-IgG4, respectively. This suggests that IgG2-M397V and IgG4-R409K 
are also superior in terms of thermal stability as compared to WT-IgG2 and WT-IgG4, 
respectively. 

35 IgG2 and IgG4 are exposed to acidic condition in virus inactivation process and in the 

purification process using Protein A. Thus, denaturation/aggregation in the above processes 
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was problematic. However, it was discovered that the problem could be solved by using 
IgG2-M397V and IgG4-R409K for the sequences of IgG2 and IgG4 constant regions. Thus, 
these alterations were revealed to be very useful in developing IgG2 and IgG4 antibody 
pharmaceuticals. Furthermore, the usefulness of IgG2-M397V and IgG4-R409K was also 
5 demonstrated by the finding that they are superior in thermal stability. 

[Example 8] Improvement of heterogeneity derived from disulfide bonds in IgG2 

Purification of WT-IgGh WT-IgG2, and WT-IgG4 through acetic acid elution from Protein A 
10 50 jlxI of rProtein A Sepharose™ Fast Flow (Amersham Biosciences) suspended in TBS 

was added to the culture supernatants obtained in Example 7, and the combined solutions were 
mixed by inversion at 4°C for four hours or more. The solutions were transferred into 0.22-jum 
filter cups of Ultrafree w -MC (Millipore). After washing three times with 500 jul of TBS, the 
rProtein A Sepharose™ resins were suspended in 100 \il of aqueous solution of 50 mM sodium 
15 acetate (pH 3.3) and the mixtures were incubated for two minutes to elute the antibodies. 

Immediately, the eluates were neutralized by adding 6.7 ]ul of 1.5 M Tris-HCl (pH 7.8). The 
elution was carried out twice, yielding 200 jul of purified antibodies. 

Analysis of WT-IgGl, WT-IgG2, and WT-IgG4 by cation exchange chromatography (IEC) 
20 Purified WT-IgGl, WT-IgG2, and WT-IgG4 were analyzed for homogeneity by cation 

exchange chromatography. 
Assessment method using IEC: 

System: Waters Alliance 
Column: ProPac WCX-10 (Dionex) 
25 Mobile phase A: 25 mM MES-NaOH, pH 6. 1 

B: 25 mM MES-NaOH, 250 mM Na- Acetate, pH 6.1 
Flow rate, wavelength: 0.5 ml/min, 280 nm 
GradientB: 50%-75% (75 min) in the analysis of WT-IgGl 

B: 30%-55% (75 min) in the analysis of WT-IgG2 and WT-IgG4 
30 The result is shown in Fig. 22. WT-IgG2 showed more than one peak in the ion 

exchange analysis while WT-IgGl and WT-IgG4 exhibited a single peak. This suggests that 
the IgG2 molecule is more heterogeneous as compared to IgGl and IgG4. Indeed, IgG2 
isotypes have been reported to have heterogeneity derived from disulfide bonds in the hinge 
region (Non-patent Document 30). Thus, the hetero-peaks of IgG2 shown in Fig. 22 are also 
35 assumed to be objective substance/related substances derived from the disulfide bonds. It is not 
easy to manufacture them as a pharmaceutical in large-scale while maintaining the objective 
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substances/related substances related heterogeneity between productions. Thus, homogeneous 
(less heterogeneous) substances are desirable as much as possible for antibody molecules to be 
developed as pharmaceuticals. For wild type IgG2, there is a problem of homogeneity which is 
important in developing antibody pharmaceuticals. Indeed, US20060 194280 (Al) has shown 
5 that natural IgG2 gives various hetero-peaks as a result of the disulfide bonds in ion exchange 
chromatography analysis, and that the biological activity varies among these peaks. 
US20060 194280 (Al) reports refolding in the purification process as a method for combining the 
hetero-peaks into a single one, but use of such a process in the production is costly and 
complicated. Thus, a preferred method for combining the hetero-peaks into a single one is 
1 0 based on amino acid substitution. Although the heterogeneity originated from disulfide bonds 
in the hinge region should be overcome to develop IgG2 as pharmaceuticals, no report has been 
published to date on a method for solving this problem through amino acid substitution. 

Preparation and assessment of altered WT-IgG2 CHI domain and hinge region 

15 As shown in Fig. 23, there are various potential disulfide bond patterns for an IgG2 

molecule. Possible causes of the heterogeneity derived from the hinge region of IgG2 were 
differential pattern of disulfide bonding and free cysteines. IgG2 has two cysteines (at positions 
219 and 220 in the EU numbering system) in the upper hinge region, and cysteines adjacent to 
the two upper-hinge cysteines include cysteine at position 1 3 1 in the EU numbering system in 

20 the H chain CHI domain and L chain C-terminal cysteine, and two corresponding cysteines in 
the H chain upper hinge of the dimerization partner. Specifically, there are eight cysteines in 
total in the vicinity of the upper hinge region of IgG2 when the antibody is in the associated form 
of H2L2. This may be the reason for the various heterogeneous patterns due to wrong disulfide 
bonding and free cysteines. 

25 The hinge region sequence and CHI domain of IgG2 were altered to reduce the 

heterogeneity originated from the IgG2 hinge region. Examinations were conducted to avoid 
the heterogeneity of IgG2 due to differential pattern of disulfide bonding and free cysteines. 
The result of examining various altered antibodies suggested that the heterogeneity could be 
avoided without decreasing the thermal stability by substituting serine and lysine for cysteine 

30 and arginine at positions 131 and 133 in the EU numbering system, respectively, in the H chain 
CHI domain, and substituting serine for cysteine at position 219, EU numbering, in the upper 
hinge of H chain of the wild type IgG2 constant region sequence (hereinafter IgG2-SKSC) 
(IgG2-SKSC, SEQ ID NO: 120). These substitutions would enable IgG2-SKSC to form a 
homogenous covalent bond between H and L chains, which is a disulfide bond between the 

35 C-terminal cysteine of the L chain and cysteine at position 220 in the EU numbering system (Fig. 
24). 
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The methods described in Example 1 were used to construct an expression vector for 
IgG2-SKSC and to express and purify IgG2-SKSC. The purified IgG2-SKSC and wild type 
IgG2 (WT-IgG2) were analyzed for homogeneity by cation exchange chromatography. 
Assessment method using IEC: 
5 System: Waters Alliance 

Column: ProPac WCX-10 (Dionex) 

Mobile phase A: 25 mM MES-NaOH, pH 5.6 

B: 25 mM MES-NaOH, 250 mM Na- Acetate, pH 5.6 
Flow rate, wavelength: 0.5 ml/min, 280 nm 
10 Gradient B: 50%-100% (75 min) 

The result is shown in Fig. 25. As expected above, IgG2-SKSC was shown to be 
eluted at a single peak while WT-IgG2 gave multiple peaks. This suggests that the 
heterogeneity derived from disulfide bonds in the hinge region of IgG2 can be avoided by using 
alterations such as those used to generate IgG2-SKSC, which allow formation of a single 
1 5 disulfide bond between the C-terminal cysteine of the L chain and cysteine at position 220 in the 
EU numbering system. The midpoint temperatures of thermal denaturation of WT-IgGl, 
WT-IgG2, and IgG2-SKSC were determined by the same methods as described in Example 5. 
The result showed that WT-IgG2 gave a peak for Fab domain which has a lower Tm value than 
WT-IgGl, while IgG2-SKSC did not give such a peak. This suggests that IgG2-SKSC is also 
20 superior in thermal stability as compared to WT-IgG2. 

Although wild type IgG2 was thought to have a homogeneity problem which is 
important in developing antibody pharmaceuticals, it was found that this problem could be 
solved by using IgG2-SKSC for the constant region sequence of IgG2. Thus, IgG2-SKSC is 
very useful in developing IgG2 antibody pharmaceuticals. Furthermore, the usefulness of 
25 IgG2-SKSC was also demonstrated by the finding that it is superior in thermal stability. 

[Example 9] Improvement of C-terminal heterogeneity in IgG molecules 

Construction of an expression vector for H chain C-terminal AGK antibody from WT-IgGl 
30 For heterogeneity of the C-terminal sequences of an antibody, deletion of C-terminal 

amino acid lysine residue, and amidation of the C-terminal amino group due to deletion of both 
of the two C-terminal amino acids, glycine and lysine, have been reported (Non-patent 
Document 32). The absence of such heterogeneity is preferred when developing antibody 
pharmaceuticals. Actually, in humanized PM-1 antibody TOCILIZUMAB, the major 
35 component is the sequence that lacks the C-terminal amino acid lysine, which is encoded by the 
nucleotide sequence but deleted in post-translational modification, and the minor component 



Translation for WO 2009/041621 



106 



having the lysine also coexists as heterogeneity. Thus, the C-terminal amino acid sequence was 
altered to reduce the C-terminal heterogeneity. Specifically, the present inventors altered the 
nucleotide sequence of wild type IgGl to delete the C-terminal lysine and glycine from the H 
chain constant region of the IgGl, and assessed whether the amidation of the C-terminal amino 
5 group could be suppressed by deleting the two C-terminal amino acids glycine and lysine. 

Mutations were introduced into the C-terminal sequence of the H chain using pB-CH 
vector encoding the humanized PM-1 antibody (WT) obtained in Example 1 . The nucleotide 
sequence encoding Lys at position 447 and/or Gly at position 446 in the EU numbering system 
was converted into a stop codon by introducing a mutation using the QuikChange Site-Directed 

10 Mutagenesis Kit (Stratagene) according to the method described in the attached instruction 

manual. Thus, expression vectors for antibody engineered to lack the C-terminal amino acid 
lysine (position 447 in the EU numbering system) and antibody engineered to lack the two 
C-terminal amino acids glycine and lysine (positions 446 and 447 in the EU numbering system, 
respectively) were constructed. H chain C-terminal AK and AGK antibodies were obtained by 

15 expressing the engineered H chains and the L chain of the humanized PM-1 antibody. The 
antibodies were expressed and purified by the method described in Example 1 . 

Purified H chain C-terminal AGK antibody was analyzed by cation exchange 
chromatography according to the following procedure. The effect of the C-terminal deletion on 
heterogeneity was assessed by cation exchange chromatography analysis using the purified H 

20 chain C-terminal AGK antibody according to the method described below. The conditions of 
cation exchange chromatography analysis are described below. Chromatograms for humanized 
PM-1 antibody, H chain C-terminal AK antibody, and H chain C-terminal AGK antibody were 
compared. 

Column: ProPac WCX-10, 4 x 250 mm (Dionex) 
25 Mobile phase A: 25 mmol/1 MES/NaOH, pH 6. 1 

B: 25 mmol/1 MES/NaOH, 250 mmol/1 NaCl, pH 6.1 
Flow rate: 0.5 ml/min 

Gradient: 25% B (5 min) -> (105 min) -> 67% B -> (1 min) -> 100% B (5 min) 
Detection: 280 nm 

30 The analysis result for the non- altered humanized PM-1 antibody, H chain C-terminal 

AK antibody, and H chain C-terminal AGK antibody is shown in Fig. 26. According to 
Non-patent Document 30, a basic peak with more prolonged retention time than that of the main 
peak contains an H chain C terminus with Lys at position 449 and an H chain C terminus with 
amidated Pro at position 447. The intensity of the basic peak was significantly reduced in the H 

35 chain C-terminal AGK antibody, while no such significant reduction was observed in the H chain 
C-terminal AK antibody. This suggests that the C-terminal heterogeneity of the H chain can be 



Translation for WO 2009/041621 

107 



reduced only when the two C-terminal amino acids are deleted from the H chain. 

The temperature of thermal denaturation of the H chain C-terminal AGK antibody was 
determined by DSC to assess the effect of the deletion of the two residues at the H chain C 
terminus on thermal stability. For the DSC measurement, the antibody was dialyzed against 20 
5 mM acetic acid buffer (pH 6.0) containing 150 mM NaCl to change the buffer. After thorough 
deaeration, the humanized PM-1 antibody and H chain C-terminal AGK antibody solutions, and 
the reference solution (outer dialysate) were enclosed in calorimetric cells, and thoroughly 
thermally equilibrated at 40°C. Then, the samples were scanned at from 40 to 100°C with a 
rate of about lK/min. The resulting denaturation peaks were assigned (Rodolfo et al. 9 

10 Immunology Letters, 1999, p 47-52). The result showed that the C-terminal deletion had no 
effect on the thermal denaturation temperature of CH3 domain. 

Thus, the heterogeneity originated from the C-terminal amino acid can be reduced 
without affecting the thermal stability of antibody by deleting the C-terminal lysine and glycine 
from the H chain constant region at the nucleotide sequence level. Since all of the constant 

15 regions of human antibodies IgGl, IgG2, and IgG4 contain Gly and Lys at positions 446 and 447 
in the EU numbering system in their C-terminal sequences, the method for reducing the 
C-terminal amino acid heterogeneity discovered in this example and others is also expected to be 
applicable to IgG2 and IgG4 constant regions and variants thereof. 

20 [Example 10] Construction of Ml 4 AGK with a novel optimized constant region sequence 

When an antibody pharmaceutical is aimed at neutralizing an antigen, effector functions 
such as ADCC of Fc domain are unnecessary and therefore the binding to Fey receptor is 
unnecessary. The binding to Fey receptor is assumed to be unfavorable from the perspectives 
of immunogenicity and adverse effect (Non-patent Documents 24 and 25). The humanized 

25 anti-IL-6 receptor IgGl antibody TOCILIZUMAB does not need to bind to Fey receptor, 

because it only needs to specifically bind to IL-6 receptor and neutralize its biological activity in 
order to be used as a therapeutic agent for diseases associated with IL-6, such as rheumatoid 
arthritis. 

30 Construction and assessment of Ml 4 AGK, a Fey receptor-nonbinding, optimized constant region 

A possible method for impairing the Fey receptor binding is to convert the IgG antibody 
from IgGl isotype to IgG2 or IgG4 isotype (Ann. Hematol. 1998 Jun;76(6):231-48). As a 
method for completely eliminating the binding to Fey receptor, a method of introducing an 
artificial alteration into Fc domain has been reported. For example, since the effector functions 

35 of anti-CD3 antibody and anti-CD4 antibody cause adverse effects, amino acid mutations that 
are not present in the wild type sequence have been introduced into the Fey receptor-binding 
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region of Fc domain (Non-patent Documents 26 and 27), and the resulting Fey 
receptor-nonbinding anti-CD3 and anti-CD4 antibodies are under clinical trials (Non-patent 
Documents 24 and 28). According to another report (Patent Document 6), Fey 
receptor-nonbinding antibodies can be prepared by converting the FcyR-binding domain of IgGl 
5 (at positions 233, 234, 235, 236, 327, 330, and 331 in the EU numbering system) into the 

sequence of IgG2 (at positions 233, 234, 235, and 236 in the EU numbering system) or IgG4 (at 
positions 327, 330, and 331 in the EU numbering system). However, if all of the above 
mutations are introduced into IgGl, novel peptide sequences of nine amino acids, which 
potentially serve as non-natural T-cell epitope peptides, will be generated, and this increases the 
10 immunogenicity risk. The immunogenicity risk should be minimized in developing antibody 
pharmaceuticals . 

To overcome the above problem, alterations in the IgG2 constant region were 
considered. In the FcyR-binding domain of IgG2 constant region, residues at positions 327, 
330, and 331 in the EU numbering system are different from the nonbinding sequence of IgG4 

15 while those at positions 233, 234, 235, and 236 in the EU numbering system are amino acids of 
nonbinding type. Thus, it is necessary to alter the amino acids at positions 327, 330, and 331 in 
the EU numbering system to the sequence of IgG4 (G2Aa described in Eur. J. Immunol. 1999 
Aug;29(8):26 13-24). However, since the amino acid at position 339 in the EU numbering 
system in IgG4 is alanine while the corresponding residue in IgG2 is threonine, a simple 

20 alteration of the amino acids at positions 327, 330, and 33 1 in the EU numbering system to the 
sequence of IgG4 unfavorably generates a novel peptide sequence of 9 amino acids, potentially 
serving as a non-natural T-cell epitope peptide, and thus increases the immunogenicity risk, 
which is unpreferable. Then, the present inventors found that the generation of novel peptide 
sequence could be prevented by introducing the substitution of alanine for threonine at position 

25 339 in the EU numbering system in IgG2, in addition to the alteration described above. 

In addition to the mutations described above, other mutations were introduced, and they 
were the substitution of valine for methionine at position 397 in the EU numbering system in 
IgG2, which was discovered in Example 7 to improve the stability of IgG2 under acidic 
condition; and the substitution of serine for cysteine at position 131 in the EU numbering system, 

30 the substitution of lysine for arginine at position 133 in the EU numbering system, and the 
substitution of serine for cysteine at position 219 in the EU numbering system, which were 
discovered in Example 8 to improve the heterogeneity originated from disulfide bonds in the 
hinge region. Furthermore, since the mutations at positions 131 and 133 generate a novel 
peptide sequence of 9 amino acids, potentially serving as a non-natural T-cell epitope peptide, 

35 and thus generate the immunogenicity risk, the peptide sequence around positions 131 to 139 
was converted into a natural human sequence by introducing the substitution of glycine for 
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glutamic acid at position 137 in the EU numbering system and the substitution of glycine for 
serine at position 138 in the EU numbering system. Furthermore, glycine and lysine at 
positions 446 and 447 in the EU numbering system were deleted from the C terminus of H chain 
to reduce the C-terminal heterogeneity. The constant region sequence having all of the 
5 mutations introduced was named M14AGK (Ml 4 AGK, SEQ ID NO: 24). Although there is a 
mutation of cysteine at position 219 to serine in M14AGK as a novel 9-amino acid peptide 
sequence which potentially serves as a T-cell epitope peptide, the immunogenicity risk was 
considered very low since the amino acid property of serine is similar to that of cysteine. The 
immunogenicity prediction by TEPITOPE also suggested that there was no difference in 

10 immunogenicity. 

An expression vector for the antibody H chain sequence whose variable region was WT 
and constant region was M14AGK (M14AGK, SEQ ID NO: 24; WT-M14AGK, SEQ ID NO: 
113) was constructed by the method described in Example 1 . An antibody having 
WT-M14AGK as H chain and WT as L chain was expressed and purified by the method 

1 5 described in Example 1 . 

Furthermore, WT-M17AGK (M17AGK, SEQ ID NO: 1 16; WT-M17AGK, SEQ ID NO: 
1 15) was constructed with the same method by introducing mutations into the IgGl constant 
region at positions 233, 234, 235, 236, 327, 330, 331, and 339 in the EU numbering system 
(GlAab described in Eur. J. Immunol. 1999 Aug;29(8):26 13-24) to impair the Fey receptor 

20 binding and by deleting the amino acids at positions 446 and 447 in the EU numbering system to 
reduce the C-terminal heterogeneity (Example 9). An expression vector for WT-M1 1 AGK 
(Ml 1 AGK, SEQ ID NO: 25; WT-M1 1 AGK, SEQ ID NO: 1 14) was constructed. In 
WT-M1 1 AGK, mutations were introduced into the IgG4 constant region at positions 233, 234, 
235, and 236 in the EU numbering system (G4Ab described in Eur. J. Immunol. 1999 

25 Aug;29(8):26 13-24; this alteration newly generates non-human sequence and thus increases the 
immunogenicity risk) to reduce the Fey receptor binding. In addition to the above alteration, to 
reduce the immunogenicity risk, mutations were introduced at positions 131, 133, 137, 138, 214, 
217, 219, 220, 221, and 222 in the EU numbering system so that the pattern of disulfide bonding 
in the hinge region was the same as that of Ml 4 AGK; a mutation was introduced at position 409 

30 in the EU numbering system (Example 7) to improve the stability under acidic condition; and the 
amino acids at positions 446 and 447 in the EU numbering system were deleted (Example 9) to 
reduce the C-terminal heterogeneity. WT-M17AGK or WT-M1 1 AGK was used as the H chain, 
and WT was used as the L chain. These antibodies were expressed and purified by the method 
described in Example 1 . 

35 



Assessment of WT-M 1 4 AGK, WT-M 1 7 AGK. and WT-M1 1AGK for Fey receptor binding 
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The FcyRI binding was assessed by the procedure described below. Using Biacore 
T100, human-derived Fey receptor I (hereinafter FcyRI) immobilized onto a sensor chip was 
allowed to interact with IgGl, IgG2, IgG4, Ml 1 AGK, M14AGK, or M1AGK 7 as an analyte. 
The amounts of bound antibody were compared. The measurement was conducted using 
5 Recombinant Human FcRIA/CD64 (R&D systems) as human-derived FcyRI, and IgGl, IgG2, 
IgG4, Ml 1 AGK, M14AGK, and M17AGK as samples. FcyRI was immobilized onto the sensor 
chip CM5 (BIACORE) by the amine coupling method. The final amount of immobilized 
hFcyRI was about 13000 RU. The running buffer used was HBS-EP+, and the flow rate was 
20 ]ul/min. The sample concentration was adjusted to 100 ]ug/ml using HBS-EP+. The 

10 analysis included two steps: two minutes of association phase where 10 ]ul of an antibody 

solution was injected and the subsequent four minutes of dissociation phase where the injection 
was switched with HBS-EP+. After the dissociation phase, the sensor chip was regenerated by 
injecting 20 )ul of 5 mM sodium hydroxide. The association, dissociation, and regeneration 
constitute one analysis cycle. Various antibody solutions were injected to obtain sensorgrams. 

15 As analytes, IgG4, IgG2, IgGl, Mil, M14, and M17 were injected in this order. This series of 
injection was repeated twice. The result of comparison of data on the determined amounts of 
bound antibody is shown in Fig. 27. The comparison shows that the amount of bound antibody 
is reduced in the order of: IgGl > IgG4 » IgG2 = Ml 1 AGK = M 1 4 AGK = M17AGK. Thus, it 
was revealed that the FcyRI binding of wild type IgG2, Ml 1 AGK, M 1 4 AGK, and M 1 7 AGK was 

20 weaker than that of wild type IgGl and IgG4. 

The FcyRIIa binding was assessed by the procedure described below. Using Biacore 
T100, human-derived Fey receptor Ha (hereinafter FcyRIIa) immobilized onto a sensor chip was 
allowed to interact with IgGl, IgG2, IgG4, Ml 1AGK, M14AGK, or M 1 7 AGK as an analyte. 
The amounts of bound antibody were compared. The measurement was conducted using 

25 Recombinant Human FcRIIA/CD32a (R&D systems) as human-derived FcyRIIa, and IgGl, 

IgG2, IgG4, Ml 1 AGK, M14AGK, and M 1 7 AGK as samples. FcyRIIa was immobilized onto 
the sensor chip CM5 (BIACORE) by the amine coupling method. The final amount of 
immobilized FcyRIIa was about 3300 RU. The running buffer used was HBS-EP+, and the 
flow rate was 20 ]ul/min. Then, the running buffer was injected until the baseline was stabilized. 

30 The measurement was carried out after the baseline was stabilized. The immobilized FcyRIIa 
was allowed to interact with an antibody of each IgG isotype (IgGl, IgG2, or IgG4) or antibody 
introduced with mutations (Ml 1 AGK, M14AGK, or M17AGK) as an analyte. The amount of 
bound antibody was observed. The running buffer used was HBS-EP+, and the flow rate was 
20 )ul/min. The measurement temperature was 25°C. The concentration of each IgG or 

35 altered form thereof was adjusted to 100 ]ug/ml. 20 jul of an analyte was injected and allowed to 
interact with the immobilized FcyRIIa. After interaction, the analyte was dissociated from 
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FcyRIIa and the sensor chip was regenerated by injecting 200 \il of the running buffer. As 
analytes, IgG4, IgG2, IgGl, Ml 1AGK, M14AGK, and M17AGK were injected in this order. 
This series of injection was repeated twice. The result of comparison of data on the amounts of 
bound antibody determined is shown in Fig. 28. The comparison shows that the amount of 
5 bound antibody is reduced in the order of: IgGl > IgG2 = IgG4 > Ml 1AGK = M14AGK = 
M 1 7 AGK. Thus, it was revealed that the FcyRIIa binding of M 1 1 AGK, M 1 4 AGK, and 
M17AGK was weaker than that of wild type IgGl, IgG2, and IgG4. 

The FcyRIIb binding was assessed by the procedure described below. Using Biacore 
T100, human-derived Fey receptor lib (hereinafter FcyRIIb) immobilized onto a sensor chip was 

10 allowed to interact with IgGl, IgG2, IgG4, Ml 1AGK, M14AGK, or M 1 7 AGK as an analyte. 
The amounts of bound antibody were compared. The measurement was conducted using 
Recombinant Human FcRIIB/C (R&D systems) as human-derived FcyRIIb, and IgGl, IgG2, 
IgG4, Ml 1 AGK, M14AGK, and M17AGK as samples. FcyRIIb was immobilized onto the 
sensor chip CM5 (BIACORE) by the amine coupling method. The final amount of 

15 immobilized FcyRIIb was about 4300 RU. Then, the running buffer was injected until the 
baseline was stabilized. The measurement was carried out after the baseline was stabilized. 
The immobilized FcyRIIb was allowed to interact with an antibody of each IgG isotype (IgGl, 
IgG2, or IgG4) or antibody introduced with mutations (Ml 1AGK, M14AGK, or M17AGK) as an 
analyte. The amount of bound antibody was observed. The running buffer used was 

20 HBS-EP+ (10 mM HEPES, 0. 15 M NaCl, 3 mM EDTA, 0.05% v/v Surfactant P20), and the 

flow rate was 20 ]ul/min. The measurement temperature was 25°C. The concentration of each 
IgG or altered form thereof was adjusted to 200 ]ug/ml. 20 ]ul of an analyte was injected and 
allowed to interact with the immobilized FcyRIIb. After interaction, the analyte was 
dissociated from FcyRIIb and the sensor chip was regenerated by injecting 200 jil of the running 

25 buffer. As analytes, IgG4, IgG2, IgGl, Ml 1 AGK, M 1 4 AGK, and M 1 7 AGK were injected in 
this order. This series of injection was repeated twice. The result of comparison of data on 
the amounts of bound antibody determined is shown in Fig. 29. The comparison shows that the 
amount of bound antibody is reduced in the order of: IgG4 > IgGl > IgG2 > Ml 1 AGK = 
M 1 4 AGK = M 1 7 AGK. Thus, it was revealed that the FcyRIIb binding of M 1 1 AGK, M 1 4 AGK, 

30 and M 1 7AGK was weaker than that of wild type IgG 1 , IgG2, and IgG4. 

The FcyRIIIa binding was assessed by the procedure described below. Using Biacore 
T100, human-derived Fey receptor Ilia (hereinafter FcyRIIIa) immobilized onto a sensor chip 
was allowed to interact with IgGl, IgG2, IgG4, Ml 1AGK, M 14 AGK, or M17AGK as an analyte. 
The amounts of bound antibody were compared. The measurement was conducted using 

35 hFcyRIIIaV-His6 (recombinant hFcyRIIIaV-His6 prepared in the applicants' company) as 

human-derived FcyRIIIa, and IgGl, IgG2, IgG4, Ml 1AGK, M14AGK, and M17AGK as samples. 
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FcyRIIIa was immobilized onto the sensor chip CM5 (BIACORE) by the amine coupling method. 
The final amount of immobilized hFcyRIIIaV-His6 was about 8200 RU. The running buffer 
used was HBS-EP+, and the flow rate was 5 )ul/min. The sample concentration was adjusted to 
250 ]ug/ml using HBS-EP+. The analysis included two steps: two minutes of association phase 
5 where 10 ]ul of an antibody solution was injected and the subsequent four minutes of dissociation 
phase where the injection was switched with HBS-EP+. After the dissociation phase, the 
sensor chip was regenerated by injecting 20 |ul of 5 mM hydrochloric acid. The association, 
dissociation, and regeneration constitute one analysis cycle. Various antibody solutions were 
injected to obtain sensorgrams. As analytes, IgG4, IgG2, IgGl, Ml 1AGK, M14AGK, and 

10 M17AGK were injected in this order. The result of comparison of data on the determined 
amounts of bound antibody is shown in Fig. 30. The comparison shows that the amount of 
bound antibody is reduced in the order of: IgGl » IgG4 > IgG2 > M17AGK > Ml 1AGK = 
M14AGK. Thus, it was revealed that the FcyRIIIa binding of Ml 1AGK, M14AGK, and 
M17AGK was weaker than that of wild type IgGl, IgG2, and IgG4. Furthermore, the FcyRIIIa 

15 binding of Ml 1 AGK and M14AGK was found to be weaker than that of M17AGK containing the 
mutation GlAab reported in Eur. J. Immunol. 1999 Aug;29(8):2613-24. 

The finding described above demonstrates that the Fey receptor binding of 
WT-M14AGK, WT-M17AGK, and WT-M1 1 AGK is markedly reduced as compared to wild type 
IgGl . The immunogenicity risk due to Fey receptor-mediated internalization into APC and 

20 adverse effects caused by the effector function such as ADCC can be avoided by using 

WT-M 1 4 AGK, WT-M 1 7 AGK, or WT-M 1 1 AGK as a constant region. Thus, WT-M 1 4 AGK, 
WT-M17AGK, and WT-M1 1 AGK are useful as constant region sequence of antibody 
pharmaceuticals aimed at neutralizing antigens. 

25 Assessment of WT-M 14 AGK, WT-M 17 AGK, and WT-M1 1AGK for stability at high 
concentrations 

WT-M 14 AGK, WT-M 17 AGK, and WT-M1 1 AGK were assessed for stability at high 
concentrations. The purified antibodies of WT-IgG 1 , WT-M 1 4 AGK, WT-M 1 7 AGK, and 
WT-M1 1 AGK were dialyzed against a solution of 20 mM histidine chloride, 150 mM NaCl, pH 
30 6.5 (EasySEP, TOMY), and then concentrated by ultrafilters. The antibodies were tested for 
stability at high concentrations. The conditions were as follows. 

Antibodies: WT-IgG 1, WT-M 14 AGK, WT-M 17 AGK, and WT-M 11 AGK 

Buffer: 20 mM histidine chloride, 150 mM NaCl, pH 6.5 

Concentration: 61 mg/ml 

35 Storage temperature and time period: 40°C for two weeks, 40°C for one month, 40°C 

for two months 
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Aggregation assessment method: 
System: Waters Alliance 
Column: G3000SWxl (TOSOH) 

Mobile phase: 50 mM sodium phosphate, 300 mM KC1, pH 7.0 
5 Flow rate, wavelength: 0.5 ml/min, 220 nm 

100 times diluted samples were analyzed 
The contents of aggregate in the initial formulations (immediately after preparation) and 
formulations stored under various conditions were estimated by gel filtration chromatography 
described above. Differences (amounts increased) in the content of aggregate relative to the 

10 initial formulations are shown in Fig. 3 1 . The result showed that the amounts of aggregate in 
WT-M14AGK, WT-M17AGK, and WT-M1 1AGK increased only slightly as compared to 
WT-IgGl and were about half of the content in WT. Furthermore, as shown in Fig. 32, the 
amount of increased Fab fragment was comparable between WT-IgGl and WT-M17AGK, while 
the amounts increased in WT-M14AGK and WT-M1 1 AGK were about one quarter of the 

15 amount in WT. Degeneration pathways of IgG type antibody formulations include formation of 
aggregate and generation of Fab degradate as described in WO 2003/039485. Based on the two 
criteria, aggregation and Fab fragment generation, WT-M14AGK and WT-M1 1 AGK were 
demonstrated to have a superior stability in formulations as compared to WT-IgGl . Thus, even 
for antibodies that have an IgGl constant region with poor stability and could not be prepared as 

20 antibody pharmaceuticals in high-concentration liquid formulations, the use of WT -Ml 4 AGK, 
WT-M17AGK, or WT-M1 1 AGK as a constant region was expected to allow production of more 
stable high-concentration liquid formulations. 

In particular, M14AGK was expected to be very useful as a novel constant region 
sequence that would (1) overcome the instability of the original IgG2 molecule under acidic 

25 condition; (2) improve the heterogeneity originated from disulfide bonds in the hinge region; (3) 
not bind to Fey receptor; (4) have a minimized number of novel peptide sequences of 9 amino 
acids which potentially serve as T-cell epitope peptides; and (5) have a better stability than IgGl 
in high-concentration formulations. 

3 0 [Example 11] Preparation of PF 1 -M 1 4 AGK antibody 

The variable region of PF1 (whose constant region is IgGl) constructed in Example 5 
was excised using Xhol and Nhel. The constant region of M14AGK (whose variable region is 
WT) constructed in Example 7 was excised using Nhel and Notl. The two antibody H chain 
gene fragments were inserted into an animal cell expression vector to construct an expression 

35 vector for the H chain of interest, PF1-M14AGK (PF 1 H-M 1 4 AGK, SEQ ID NO: 1 17). The L 
chain used was PF1L. The antibody PF1-M14AGK was expressed and purified by the method 
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described in Example 1 . 

The antibody PF1-M14AGK was superior in various aspects as compared to WT 
(humanized PM-1 antibody) and thus expected to be very useful as anti-IL-6 receptor antibody 
pharmaceuticals . 

5 

[Example 12] Preparation and assessment of M31AGK 

M14AGK prepared in Example 10 was altered by substituting the IgG2 sequence for the 
amino acids at positions 330, 331, and 339 in the EU numbering system to construct M31AGK 
(M3 1 AGK, SEQ ID NO: 1 1 8). An expression vector for a sequence of antibody H chain whose 
10 variable region is WT and constant region sequence is M3 1 AGK (WT-M3 1 AGK, SEQ ID NO: 

119) was constructed by the method described in Example 1 . Using WT-M3 1 AGK H chain and 
WT L chain, WT-M3 1 was expressed and purified by the method described in Example 1 . 

In addition to WT-M3 1 , WT-IgG2 and WT-M14AGK were expressed and purified at 
the same time, and analyzed by cation exchange chromatography by the procedure described 
15 below. The conditions used in the cation exchange chromatography analysis were as follows. 
Chromatograms for WT-IgG2, WT-M14AGK, and WT-M31 AGK were compared. 

Column: ProPac WCX-10, 4 x 250 mm (Dionex) 
Mobile phase A: 25 mmol/1 MES/NaOH, pH 6. 1 

B: 25 mmol/1 MES/NaOH, 250 mmol/1 NaCl, pH 6.1 
20 Flow rate: 0.5 ml/min 

Gradient: 0% B (5 min) -> (65 min) -> 100% B -> (1 min) 
Detection: 280 nm 

The analysis result for WT-IgG2, WT-M14AGK, and WT-M31AGK is shown in Fig. 33. 
Like WT-M14AGK, WT-M3 1 AGK was demonstrated to be eluted as a single peak, while 
25 WT-IgG2 gave multiple peaks. This indicates that the heterogeneity derived from disulfide 
bonds in the hinge region of IgG2 can also be avoided in WT-M3 1 AGK. 

[Example 13] Preparation of a fully humanized antibody F2H/L39-IgGl 

30 Full humanization of the framework sequence of the PF1 antibody 

Arginine at position 71 (Rabat's numbering system; Kabat EA et al. 1991. Sequences of 
Proteins of Immunological Interest. NIH) is the only mouse sequence that remains in PF1H 
prepared in Example 5. This is unpreferable from the perspective of immunogenicity. In 
general, the residue at position 71 in the H chain is an important sequence for the conformation 

35 of HCDR2. In fact, it has been reported that during generation of the humanized PM1 antibody, 
the residue at position 71 is essential for the binding activity of mouse PM1 antibody. The 
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binding activity was demonstrated to be significantly reduced by substituting valine at position 
71 (Cancer Research 53, 851-856, 1993). Meanwhile, PF1H is classified into the VH4 family 
of human germ line genes, and valine at position 71 is highly conserved in the VH4 family. 
The neutralizing activity was also demonstrated to be significantly reduced by substituting valine 
5 for arginine at position 7 1 . 

Thus, to completely remove the mouse sequence while maintaining the arginine at 
position 71, the present inventors searched among sequences of human germ line genes and 
reported human antibodies for sequences that have arginine at position 71 and share conserved 
residues important for the maintenance of antibody tertiary structure. As a result, the inventors 
1 0 discovered a candidate sequence which contains important conserved residues although its 
homology to PF1H is low as shown in Table 9. 



Table 9 



KABAT 
NUMBERING 


to coo o t- cn co m cor^ oo g> o t- cn cn cn cn co w co h- oo a> o t- <n cr*t 
<o <d <d<d n- n- i^i^ oo co co oo co co oo oo oo co co cocoo>a>a>o>a) 


source 


PF1 H 

CANDIDATE 

SEQUENCE 


RVT 1 SRDTSKNQFSLKLSSVTAADTAAYYCAR 
RVTISRDNSKNTLYLQMNSLRAEDTAVYYCAR 


Germline: IMGT hVH 4 b ^ xc ^7, uam 

H71 &H89) 

Md. Immunol. 44(4):412-422 (2007) 



15 H96-IgGl (amino acid sequence of SEQ ID NO: 134) was designed by substituting the 

above-described candidate sequence for the region of positions 66 to 94 in PFlH-IgGl, Kabat's 
numbering. The antibody variable region was prepared by PCR (assembly PCR) using a 
combination of synthetic oligo-DNAs. The constant region was amplified from an expression 
vector for IgGl by PCR. The antibody variable region and constant region were linked 

20 together by assembly PCR, and then inserted into an animal cell expression vector. 
H96/PFlL-IgGl was expressed and purified by the method described in Example 1. 

Assessment of H96/PFlL-IgGl, an antibody with fully humanized framework 

The Tm of purified H96/PFlL-IgGl was determined by the method described in 
25 Example 5. The affinity measurement was carried out under essentially the same conditions 
used in Example 5. Note that the concentration of SR344 was adjusted to 0, 0.36, and 1 .4 
]ug/ml, and the dissociation phase was monitored for 15 minutes. The result showed that the 
Tm and affinity of H96/PFlL-IgGl were almost the same as those of PFl-IgGl (Table 10). 
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Table 10 





Tm (°C) 


k a (1/Ms) 


k d (1/s) 


KD(M) 


PF1 ANTIBODY 


91.3 


1 . 4E+06 


4. 2E-05 


3. 1E-11 


H96/PF1L-lgG1 


89.8 


1 . 2E+06 


4. 8E-05 


3. 9E-1 1 



As described above, the present inventors generated an antibody with a fully humanized 
PF1 antibody framework, using H96 for the PF1 antibody H chain to completely remove the 
5 remaining mouse sequence from the PF 1 antibody while maintaining its Tm and affinity. Since 
the framework sequence of H96/PFlL-IgGl has no mouse-derived sequence, H96/PFlL-IgGl is 
expected to be superior, especially from the perspective of immunogenicity. 

Construction of F2H/L39-IgGl with lowered pi and attenuated immunogenicity risk 

10 As demonstrated in Example 4, the pharmacokinetics can be enhanced by lowering pi 

through alteration of amino acids in the antibody variable region. Thus, the amino acid 
substitutions shown below were further introduced into H96-IgGl constructed above. To lower 
pi, glutamine was substituted for lysine at position 64, and aspartic acid was substituted for 
glycine at position 65. Furthermore, to reduce the immunogenicity risk, glutamine was 

15 substituted for glutamic acid at position 105 and isoleucine was substituted for threonine at 
position 107. In addition, to achieve affinity enhancement such as that in Example 2, 
alternation was introduced where leucine was substituted for valine at position 95 and alanine 
was substituted for isoleucine at position 99. To prepare F2H-IgGl (amino acid sequence of 
SEQ ID NO: 135), these amino acid substitutions were introduced into H96-IgGl by the method 

20 described in Example 1 . 

Furthermore, the following amino acid substitutions were introduced into PF1L. To 
lower pi, glutamic acid was substituted for glutamine at position 27 and glutamic acid was 
substituted for leucine at position 55. To prepare L39 (amino acid sequence of SEQ ID NO: 
136), these amino acid substitutions were introduced into PF1L by the method described in 

25 Example 1. Using F2H-IgGl as heavy chain and L39 as light chain, F2H/L39-IgGl was 
expressed and purified by the method described in Example 1 . 

Biacore-based analysis of F2H/L39-IgGl for the affinity for human IL-6 receptor 

Humanized PM1 antibody (wild type (WT)), PF1 antibody (constructed in Example 5), 
30 and F2H/L39-IgGl were analyzed for affinity. This measurement was carried out under 

essentially the same conditions used in Example 4. Note that the concentration of SR344 was 
adjusted to 0, 0.36, and 1.4 jug/ml, and the dissociation phase was monitored for 15 minutes 
(Table 11). 
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Table 1 1 



SAMPLE 


M1/Ms) 


k d (1/s) 


KD(M) 


PF1-lgG1 


1 . 5E+06 


4. 4E-05 


3. OE-1 1 


F2H/L39-lgG1 


7. 7E+05 


4. OE-05 


5.2E-11 



The result showed that F2H/L39-IgGl had very strong affinity (maintaining a KD in the 
5 order of 1 0" 1 1 ) but its k a was decreased to about half of that of PF 1 -IgG 1 . 

Assessment of F2H/L39-IgGl for its human IL-6 receptor-neutralizing activity 

The neutralizing activities of humanized PM1 antibody (wild type (WT)) and 
F2H/L39-IgGl were assessed by the method described in Example 1 . The assessment of 
10 neutralizing activity was carried out using 600 ng/ml human interleukin-6 (TORAY). As 

shown in Fig. 34, F2H/L39-IgGl was demonstrated to have a very strong activity, 100 or more 
times higher than WT in terms of 100% inhibitory concentration. 

Assessment of F2H/L39-IgGl for its isoelectric point by isoelectric focusing 
15 The isoelectric point of F2H/L39-IgGl was determined by the method described in 

Example 3. The isoelectric point of F2H/L39-IgGl was 5.5, suggesting that its 

pharmacokinetics was improved due to a lower isoelectric point relative to the PF1 antibody 

prepared in Example 5. 

The theoretical isoelectric point of the variable regions of F2H/L39 (VH and VL 
20 sequences) was calculated to be 4.3 by using GENETYX (GENETYX CORPORATION). 

Meanwhile, the theoretical isoelectric point of WT was 9.20. Thus, WT has been converted 

through amino acid substitution into F2H/L39 which has a variable region with a theoretical 

isoelectric point decreased by about 4.9. 

25 PK/PD test of F2H/L39-IgGl using cynomolgus monkeys 

The humanized PM1 antibody (wild type (WT)), PF1 antibody, and F2H/L39-IgGl 
were assessed for their pharmacokinetics (PK) and pharmacodynamics (PD) in cynomolgus 
monkeys. WT, PF1, and F2H/L39-IgGl were subcutaneously administered once at 1.0 mg/kg, 
and blood was collected before administration and over the time course. The concentration of 

30 each antibody in plasma was determined in the same way as described in Example 6. The 

plasma concentration time courses of WT, PF1, and F2H/L39-IgGl are shown in Fig. 35. The 
efficacy of each antibody to neutralize membrane-bound cynomolgus monkey IL-6 receptor was 
assessed. Cynomolgus monkey IL-6 was administered subcutaneously in the lower back at 5 
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jug/kg every day from Day 3 to Day 1 0 after antibody administration, and the CRP concentration 
in each animal was determined 24 hours later. The time courses of CRP concentration after 
administration of WT or F2H/L39 are shown in Fig. 36. To assess the efficacy of each 
antibody to neutralize soluble cynomolgus monkey IL-6 receptor, the concentration of free 
5 soluble cynomolgus monkey IL-6 receptor in the plasma of cynomolgus monkeys was 

determined. The time courses of free soluble cynomolgus monkey IL-6 receptor concentration 
after administration of WT or F2H/L39 are shown in Fig. 37. 

These results showed that the plasma concentration time courses of WT and PF1 were 
comparable to each other; however, the plasma concentration of F2H/L39-IgGl, which has a 
10 lowered pi, was maintained higher than that of these two antibodies. Meanwhile, when 
compared to WT, F2H/L39-IgGl which has a high affinity for IL-6 receptor was found to 
maintain lower concentrations of CRP and free soluble cynomolgus monkey IL-6 receptor. 

[Example 14] Assessment of the plasma retention of WT-M14 

15 

Method for estimating the retention in human plasma 

The prolonged retention (slow elimination) of IgG molecule in plasma is known to be 

due to the function of FcRn which is known as a salvage receptor of IgG molecule (Nat. Rev. 

Immunol. 2007 Sep;7(9):7 15-25). When taken up into endosomes via pinocytosis, under the 
20 acidic conditions within endosome (approx. pH 6.0), IgG molecules bind to FcRn expressed in 

endosomes. While IgG molecules that do not bind to FcRn are transferred and degraded in 

lysosomes, those bound to FcRn are translocated to the cell surface and then released from FcRn 

back into plasma again under the neutral conditions in plasma (approx. pH 7.4). 

Known IgG-type antibodies include the IgGl, IgG2, IgG3, and IgG4 isotypes. The 
25 plasma half- lives of these isotypes in human are reported to be about 36 days for IgGl and IgG2; 

about 29 days for IgG3; and 16 days for IgG4 (Nat. Biotechnol. 2007 Dec; 25(12): 1369-72). 

Thus, the retention of IgGl and IgG2 in plasma is believed to be the longest. In general, the 

isotypes of antibodies used as pharmaceutical agents are IgGl, IgG2, and IgG4. Methods 

reported for further improving the pharmacokinetics of these IgG antibodies include methods for 
30 improving the above-described binding to human FcRn, and this is achieved by altering the 

sequence of IgG constant region (J. Biol. Chem. 2007 Jan 19;282(3):1709-17; J. Immunol. 2006 

Jan l;176(l):346-56). 

There are species-specific differences between mouse FcRn and human FcRn (Proc. 

Natl. Acad. Sci. USA. 2006 Dec 5;103(49):18709-14). Therefore, to predict the plasma 
35 retention of IgG antibodies that have an altered constant region sequence in human, it is 

desirable to assess the binding to human FcRn and retention in plasma in human FcRn transgenic 
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mice (Int. Immunol. 2006 Dec;18(12):1759-69). 

Assessment of the binding to human FcRn 

FcRn is a complex of FcRn and p2-microglobulin. Oligo-DNA primers were prepared 
5 based on the human FcRn gene sequence disclosed (J. Exp. Med. (1994) 180 (6), 2377-2381). 
A DNA fragment encoding the whole gene was prepared by PCR using human cDNA (Human 
Placenta Marathon-Ready cDNA, Clontech) as a template and the prepared primers. Using the 
obtained DNA fragment as a template, a DNA fragment encoding the extracellular domain 
containing the signal region (Metl-Leu290) was amplified by PCR, and inserted into an animal 

10 cell expression vector (the amino acid sequence of human FcRn as set forth in SEQ ID NO: 140). 
Likewise, oligo-DNA primers were prepared based on the human p2-microglobulin gene 
sequence disclosed (Proc. Natl. Acad. Sci. USA. (2002) 99 (26), 16899-16903). A DNA 
fragment encoding the whole gene was prepared by PCR using human cDNA (Hu-Placenta 
Marathon-Ready cDNA, CLONTECH) as a template and the prepared primers. Using the 

15 obtained DNA fragment as a template, a DNA fragment encoding the whole p2-microglobulin 
containing the signal region (Met 1 -Met 1 19) was amplified by PCR and inserted into an animal 
cell expression vector (the amino acid sequence of human p2-microglobulin as set forth in SEQ 
ID NO: 141). 

Soluble human FcRn was expressed by the following procedure. The plasmids 

20 constructed for human FcRn and p2-microglobulin were introduced into cells of the human 
embryonic kidney cancer-derived cell line HEK293H (Invitrogen) using 10% Fetal Bovine 
Serum (Invitrogen) by lipofection. The resulting culture supernatant was collected, and FcRn 
was purified using IgG Sepharose 6 Fast Flow (Amersham Biosciences) by the method described 
in J. Immunol. 2002 Nov l;169(9):5171-80, followed by further purification using HiTrap Q HP 

25 (GE Healthcare). 

The binding to human FcRn was assessed using Biacore 3000. An antibody was 
bound to Protein L or rabbit anti-human IgG Kappa chain antibody immobilized onto a sensor 
chip, human FcRn was added as an analyte for interaction with the antibody, and the affinity 
(KD) was calculated from the amount of bound human FcRn. Specifically, Protein L or rabbit 

30 anti-human IgG Kappa chain antibody was immobilized onto sensor chip CM5 (BIACORE) by 
the amine coupling method using 50 mM Na-phosphate buffer (pH 6.0) containing 150 mM 
NaCl as the running buffer. Then, an antibody was diluted with a running buffer containing 
0.02% Tween20, and injected to be bound to the chip. Human FcRn was then injected and the 
binding of the human FcRn to antibody was assessed. 

35 The affinity was computed using BIA evaluation Software. The obtained sensorgram 

was used to calculate the amount of hFcRn bound to the antibody immediately before the end of 
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human FcRn injection. The affinity of the antibody for human FcRn was calculated by fitting 
with the steady state affinity method. 

Assessment for the plasma retention in human FcRn transgenic mice 

The pharmacokinetics in human FcRn transgenic mice (B6.mFcRn-/-.hFcRn Tg line 
276 +/+ mice; Jackson Laboratories) was assessed by the following procedure. An antibody 
was intravenously administered once at a dose of 1 mg/kg to mice, and blood was collected at 
appropriate time points. The collected blood was immediately centrifuged at 15,000 rpm and 
4°C for 15 minutes to obtain blood plasma. The separated plasma was stored in a freezer at 
-20°C or below until use. The plasma concentration was determined by ELISA. 

Predictive assessment of the plasma retention of WT-M14 in human 

The bindings of WT-IgGl and WT-M14 to bind to human FcRn were assessed by 
BIAcore. As shown in Table 12, the result indicated that the binding of WT-M14 was slightly 
greater than that of WT-IgGl . 

Table 12 

KDQuM) 

WT-IgG1 2.07 
WT-M14 1.85 

As shown in Fig. 38, however, the retention in plasma was comparable between 
WT-IgGl and WT-M14 when assessed using human FcRn transgenic mice. This finding 
suggests that the plasma retention of the Ml 4 constant region in human is comparable to that of 
the IgGl constant region. 

[Example 15] Preparation of WT-M44, WT-M58, and WT-M73 which have improved 
pharmacokinetics 

Preparation of the WT-M58 molecule 

As described in Example 14, the plasma retention of WT-M14 in human FcRn 
transgenic mice was comparable to that of WT-IgGl . Known methods to improve 
pharmacokinetics include those to lower the isoelectric point of an antibody and those to enhance 
the binding to FcRn. Here, the modifications described below were introduced to improve the 
pharmacokinetics of WT-M14. Specifically, the following substitutions were introduced into 
WT-M31AGK, which was prepared from WT-M14 as described in Example 4: substitution of 
methionine for valine at position 397; substitution of glutamine for histidine at position 268; 
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substitution of glutamine for arginine at position 355; and substitution of glutamic acid for 
glutamine at position 419 in the EU numbering system. These four substitutions were 
introduced into WT-M3 1 AGK to generate WT-M58 (amino acid sequence of SEQ ID NO: 142). 
Expression vectors were prepared by the same method described in Example 1 . WT-M58 and 
5 L(WT) were used as H chain and L chain, respectively. WT-M58 was expressed and purified 
by the method described in Example 1 . 

Construction of the WT-M73 molecule 

On the other hand, WT-M44 (amino acid sequence of SEQ ID NO: 143) was generated 

10 by introducing into IgGl a substitution of alanine for the amino acid at position 434, EU 
numbering. WT-M83 (amino acid sequence of SEQ ID NO: 185) was also generated by 
deletions of glycine at position 446, EU numbering and lysine at position 447, EU numbering to 
reduce H chain C-terminal heterogeneity. Furthermore, WT-M73 (amino acid sequence of 
SEQ ID NO: 144) was generated by introducing into WT-M58 a substitution of alanine at 

1 5 position 434, EU numbering. 

Expression vectors for the above antibodies were constructed by the method described 
in Example 1 . WT-M44, WT-M58, or WT-M73 was used as H chain, while L (WT) was used 
as L chain. WT-M44, WT-M58, and WT-M73 were expressed and purified by the method 
described in Example 1 . 

20 

Predictive assessment of the plasma retention of WT-M44, WT-M58, and WT-M73 in human 
The bindings of WT-IgGl, WT-M44, WT-M58, and WT-M73 to human FcRn were 
assessed by BIAcore. As shown in Table 13, the result indicates that the bindings of WT-M44, 
WT-M58, and WT-M73 are greater than WT-IgGl, and about 2.7, 1.4, and 3.8 times of that of 
25 WT-IgG 1 , respectively. 



Table 13 



KD(jaM) 


WT-IgG 1 


1.62 


WT-M44 


0.59 


WT-M58 


1.17 


WT-M73 


0.42 



As a result of assessing WT-IgGl, WT-M44, and WT-M58 for their plasma retention in 
30 human FcRn transgenic mice, as shown in Fig. 39, WT-M58 was confirmed to have increased 
retention in plasma relative to WT-IgGl and WT-M44. Furthermore, WT-IgGl, WT-M44, 
WT-M58, and WT-M73 were assessed for their plasma retention in human FcRn transgenic mice. 
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As shown in Fig. 40, all of WT-M44, WT-M58, and WT-M73 were confirmed to have improved 
pharmacokinetics relative to WT-IgGl . The pharmacokinetics-improving effect correlated with 
the binding activity to human FcRn. In particular, the plasma level of WT-M73 at Day 28 was 
improved to about 16 times of that of WT-IgGl . This finding suggests that the 
5 pharmacokinetics of antibodies with the M73 constant region in human is also significantly 
enhanced when compared to antibodies with the IgGl constant region. 

[Example 16] Effect of the novel constant regions Ml 4 and M58 in reducing heterogeneity in 
various antibodies 

10 As described in Example 8, it was demonstrated that the heterogeneity originated from 

the hinge region of IgG2 could be reduced by converting the IgG2 constant region to Ml 4 in the 
humanized anti-IL-6 receptor PM1 antibody (WT). IgG2 type antibodies other than the 
humanized PM1 antibody were also tested to assess whether the heterogeneity can be reduced by 
converting their constant regions into M14 or M58. 

15 Antibodies other than the humanized PM1 antibody were: the anti IL-6 receptor 

antibody F2H/L39 (the amino acid sequences of F2H/L39 VH and F2H/L39 VL as set forth in 
SEQ ID NOs: 145 and 146, respectively); anti-IL-31 receptor antibody H0L0 (the amino acid 
sequences of H0L0 VH and H0L0 VL as set forth in SEQ ID NOs: 147 and 148, respectively); 
and anti-RANKL antibody DNS (the amino acid sequences of DNS VH and DNS_VL as set 

20 forth in SEQ ID NOs: 149 and 150, respectively). For each of these antibodies, antibodies with 
IgGl constant region (SEQ ID NO: 19), IgG2 constant region (SEQ ID NO: 20), or M14 (SEQ 
ID NO: 24) or M58 (SEQ ID NO: 151) were generated. 

The generated antibodies were assessed for heterogeneity by cation exchange 
chromatography using an adequate gradient and an appropriate flow rate on a ProPac WCX-10 

25 (Dionex) column (mobile phase A: 20 mM sodium acetate (pH 5.0), mobile phase B: 20 mM 
sodium acetate/1 M NaCl (pH 5.0)). The assessment result obtained by cation exchange 
chromatography (IEC) is shown in Fig. 41. 

As shown in Fig. 41, conversion of the constant region from an IgGl type into an IgG2 
type was demonstrated to increase heterogeneity not only in the humanized anti-IL-6 receptor 

30 PM1 antibody (WT), but also in the anti-IL-6 receptor antibody F2H/L39, anti-IL-31 receptor 

antibody H0L0, and anti-RANKL antibody DNS. In contrast, heterogeneity could be decreased 
in all of these antibodies by converting their constant region into M14 or M58. Thus, it was 
demonstrated that, regardless of the type of antigen or antibody variable region sequence, the 
heterogeneity originated from natural IgG2 could be reduced by substituting serines for cysteines 

35 at position 131, EU numbering, in the H-chain CHI domain and at position 219, EU numbering, 
in the upper hinge of H chain. 



Translation for WO 2009/041621 

123 



[Example 17] Effect of the novel constant region M58 to improve the pharmacokinetics in 
various antibodies 

As described in Example 15, it was demonstrated that conversion of the constant region 
5 from IgGl into M58 in the humanized anti-IL-6 receptor PM1 antibody (WT) improved the 

binding to human FcRn and pharmacokinetics in human FcRn transgenic mice. So, IgGl type 
antibodies other than the humanized PM1 antibody were also tested to assess whether their 
pharmacokinetics can be improved by converting their constant region into M58. 

Antibodies other than the humanized PM1 antibody (WT) were the anti-IL-31 receptor 
10 antibody H0L0 (the amino acid sequences of H0L0 VH and H0L0 VL as set forth in SEQ ID 
NOs: 147 and 148, respectively) and anti-RANKL antibody DNS (the amino acid sequences of 
DNS VH and DNS VL as set forth in SEQ ID NOs: 149 and 150, respectively). For each of 
these antibodies, antibodies with IgGl constant region (SEQ ID NO: 19) or M58 (SEQ ID NO: 
151) were generated, and assessed for their binding to human FcRn by the method described in 
15 Example 14. The result is shown in Table 14. 



Table 14 



KD (MM) 




WT 


H0L0 


DNS 


lgG1 


1.42 


1.07 


1.36 


M58 


1.03 


0.91 


1.03 



As shown in Table 14, it was demonstrated that as a result of conversion of the constant 
20 region from the IgGl type to M58, as with anti-IL-6 receptor antibody WT, the bindings of both 
the anti-IL-3 1 receptor antibody H0L0 and anti-RANKL antibody DNS to human FcRn were 
improved. This suggests the possibility that regardless of the type of antigen or sequence of 
antibody variable region, the pharmacokinetics in human is improved by converting the constant 
region from the IgGl type to M58. 

25 

[Example 18] Effect of cysteine in the CHI domain on heterogeneity and stability 

As described in Example 8, cysteines in the hinge region and CHI domain of IgG2 were 
substituted to decrease the heterogeneity of natural IgG2. Assessment of various altered 
antibodies revealed that heterogeneity could be reduced without decreasing stability by using 
30 SKSC (SEQ ID NO: 154). SKSC (SEQ ID NO: 154) is an altered constant region obtained by 
substituting serine for cysteine at position 131 and lysine for arginine at position 133, EU 
numbering, in the H-chain CHI domain, and serine for cysteine at position 219, EU numbering, 
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in the H-chain upper hinge of the wild type IgG2 constant region sequence. 

Meanwhile, another possible method for decreasing heterogeneity is a single 
substitution of serine for cysteine at position 219, or serine for cysteine at position 220, EU 
numbering, in the H-chain upper hinge. The altered IgG2 constant region SC (SEQ ID NO: 
5 155) was prepared by substituting serine for cysteine at position 219 and CS (SEQ ID NO: 156) 
was prepared by substituting serine for cysteine at position 220, EU numbering, in IgG2. 
WT-SC (SEQ ID NO: 157) and WT-CS (SEQ ID NO: 158) were prepared to have SC and CS, 
respectively, and compared with WT-IgGl, WT-IgG2, WT-SKSC, and WT-M58 in terms of 
heterogeneity and thermal stability. Furthermore, F2H/L39-IgGl, F2H/L39-IgG2, 

10 F2H/L39-SC, F2H/L39-CS, F2H/L39-SKSC, and F2H/L39-M14, which have the constant region 
of IgGl (SEQ ID NO: 19), IgG2 (SEQ ID NO: 20), SC (SEQ ID NO: 155), CS (SEQ ID NO: 
156), SKSC (SEQ ID NO: 154), or M14 (SEQ ID NO: 24), respectively, were prepared from 
F2H/L39 (the amino acid sequences of F2H/L39 VH and F2H/L39 VL as set forth in SEQ ID 
NOs: 145 and 146, respectively), which is an anti IL-6 receptor antibody different from WT. 

15 The antibodies were compared with regard to heterogeneity and stability. 

WT-IgGl, WT-IgG2, WT-SC, WT-CS, WT-SKSC, WT-M58, F2H/L39-IgGl, 
F2H/L39-IgG2, F2H/L39-SC, F2H/L39-CS, F2H/L39-SKSC, and F2H/L39-M14 were assessed 
for heterogeneity by cation exchange chromatography using an adequate gradient and an 
appropriate flow rate on a ProPac WCX-10 (Dionex) column (mobile phase A: 20 mM sodium 

20 acetate (pH 5.0), mobile phase B: 20 mM sodium acetate/1 M NaCl (pH 5.0)). The assessment 
result obtained by cation exchange chromatography is shown in Fig. 42. 

As shown in Fig.42, conversion of the constant region from an IgGl type to an IgG2 
type was demonstrated to increase heterogeneity in both WT and F2H/L39. In contrast, 
heterogeneity was significantly decreased by converting the constant region into SKSC and Ml 4 

25 or M58. Meanwhile, conversion of the constant region into SC significantly decreased 
heterogeneity, as in the case of SKSC. However, conversion into CS did not sufficiently 
improve heterogeneity. 

In addition to low heterogeneity, high stability is generally desired when preparing 
stable formulations in development of antibody pharmaceuticals. Thus, to assess stability, the 

30 midpoint temperature of thermal denaturation (Tm value) was determined by differential 
scanning calorimetry (DSC) (VP-DSC; Microcal). The midpoint temperature of thermal 
denaturation (Tm value) serves as an indicator of stability. In order to prepare stable 
formulations as pharmaceutical agents, a higher midpoint temperature of thermal denaturation 
(Tm value) is preferred (J. Pharm. Sci. 2008 Apr;97(4): 1414-26). WT-IgGl, WT-IgG2, 

35 WT-SC, WT-CS, WT-SKSC, and WT-M58 were dialyzed (EasySEP; TOMY) against a solution 
of 20 mM sodium acetate, 150 mM NaCl, pH 6.0. DSC measurement was carried out at a 
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heating rate of l°C/min in a range of 40 to 100°C, and at a protein concentration of about 0.1 
mg/ml. The denaturation curves obtained by DSC are shown in Fig. 43. The Tm values of the 
Fab domains are listed in Table 15 below. 



Table 15 



Tm/°C 


WT-IgG1 


94.8 


WT-IgG2 


93.9 


HIT «>/-» 

VV 1 


no ~t 
OO. / 


WT-CS 


86.4 


WT-SKSC 


93.7 


WT-M58 


93.7 



The Tm values of WT-IgGl and WT-IgG2 were almost the same (about 94°C; Tm of 
IgG2 was about 1°C lower). Meawhile, the Tm values of WT-SC and WT-CS were about 86°C, 
and thus significantly lower than those of WT-IgGl and WT-IgG2. On the other hand, the Tm 
values of WT-M58 and WT-SKSC were about 94°C, and comparable to those of WT-IgGl and 
WT-IgG2. This suggests that WT-SC and WT-CS are markedly unstable as compared to IgG2, 
and thus, WT-SKSC and WT-M58, both of which also comprise substituion of serine for 
cysteine in the CHI domain, are preferred in the development of antibody pharmaceuticals. 
The reason for the significant decrease of Tm in WT-SC and WT-CS relative to IgG2 is thought 
to be differences in the disulfide-bonding pattern between WT-SC or WT-CS and IgG2. 

Furthermore, comparison of DSC denaturation curves showed that WT-IgGl, 
WT-SKSC, and WT-M58 each gave a sharp and single denaturation peak for the Fab domain. 
In contrast, WT-SC and WT-CS each gave a broader denaturation peak for the Fab domain. 
WT-IgG2 also gave a shoulder peak on the lower temperature side of the Fab domain 
denaturation peak. In general, it is considered that a single component gives a sharp DSC 
denaturation peak, and when two or more components with different Tm values (namely, 
heterogeneity) are present, the denaturation peak becomes broader. Specifically, the 
above-described result suggests the possibility that each of WT-IgG2, WT-SC, and WT-CS 
contains two or more components, and thus the natural-IgG2 heterogeneity has not been 
sufficiently reduced in WT-SC and WT-CS. This finding suggests that not only cysteines in the 
hinge region but also those in the CHI domain are involved in the wild type-IgG2 heterogeneity , 
and it is necessary to alter not only cysteines in the hinge region but also those in the CHI 
domain to decrease the DSC heterogeneity. Furthermore, as described above, stability 
comparable to that of wild type IgG2 can be acheived only when cysteines in both the hinge 
region and CHI domain are substituted. 

The above finding suggests that from the perspective of heterogeneity and stability, SC 
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and CS, which are constant regions introduced with serine substitution for only the hinge region 
cysteine, are insufficient as constant regions to decrease heterogeneity originated from the hinge 
region of IgG2. It was thus discovered that the heterogeneity could be significantly decreased 
while maintaining an IgG2-equivalent stability, only when the cysteine at position 131, EU 
5 numbering, in the CHI domain was substituted with serine in addition to cysteine at hinge region. 
Such constant regions include Ml 4, M31, M58, and M73 described above. In particular, M58 
and M73 are stable and less heterogeneous, and exhibit improved pharmacokinetics, and 
therefore are expected to be very useful as constant regions for antibody pharmaceuticals. 

1 0 [Example 1 9] Generation of fully humanized anti-IL-6 receptor antibodies with improved PK/PD 

To generate a fully humanized anti-IL-6 receptor antibody with improved PK/PD, the 
molecules described below were created by altering TOCILIZUMAB (H chain, WT-IgGl (SEQ 
ID NO: 15); L chain, WT (SEQ ID NO: 105). 

To improve the ka of F2H-IgGl, substitutions of valine for tryptophan at position 35, 

15 phenylalanine for tyrosine at position 50, and threonine for serine at position 62, which are the 
affinity enhancing substitution obtained in Example 2, were carried out. Furthermore, to lower 
pi without increasing immunogenicity risk, substitutions of valine for tyrosine at position 102, 
glutamic acid for glutamine at position 105, and threonine for isoleucine at position 107 were 
carried out, and conversion of the constant region from an IgGl type to an M83 type was carried 

20 out and generated VH5-M83 (amino acid sequence of SEQ ID NO: 139). In addition, to 

improve the ka of L39, VL5 -kappa (amino acid sequence of SEQ ID NO: 181) was prepared and 
it comprises a substitution of glutamine for glutamic acid at position 27. Furthermore, 
TOCILIZUMAB variants were prepared by combining two or more of the mutations in variable 
and constant regions described in the above examples and newly discovered mutations. The 

25 following fully humanized IL-6 receptor antibodies were discovered using various screening 

tests: Fv3-M73 (H chain, VH4-M73, SEQ ID NO: 182; L chain, VLl-kappa, SEQ ID NO: 183), 
Fv4-M73 (H chain, VH3-M73, SEQ ID NO: 180; L chain, VL3-kappa, SEQ ID NO: 181), and 
Fv5-M83 (H chain, VH5-M83, SEQ ID NO: 139; L chain, VL5-kappa, SEQ ID NO: 138). 

The affinities of prepared Fv3-M73, Fv4-M73, and Fv5-M83 against IL-6 receptor were 

30 compared to that of TOCILIZUMAB (see Reference Example for method). The affinities of 
these anti- IL-6 receptor antibodies determined are shown in Table 16. Furthermore, their 
BaF/gpl30-neutralizing activities were compared to those of TOCILIZUMAB and the control 
(the known high affinity anti-IL-6 receptor antibody described in Reference Example, and 
VQ8F1 1-21 hlgGl described in US 2007/0280945; see Reference Example for method). The 

35 results obtained by determining the biological activities of these antibodies using BaF/gpl30 are 
shown in Fig. 44 (TOCILIZUMAB, the control, and Fv5-M83 with a final IL-6 concentration of 
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300 ng/ml) and Fig. 45 (TOCILIZUMAB, Fv3-M73, and Fv4-M73 with a final IL-6 
concentration of 30 ng/ml). As shown in Table 16, Fv3-M73 and Fv4-M73 have about two to 
three times higher affinity than TOCILIZUMAB, while Fv5-M83 exhibits about 100 times 
higher affinity than TOCILIZUMAB (since it was difficult to measure the affinity of Fv5-M83, 
5 instead the affinity was determined using Fv5-IgGl, which has an IgGl-type constant region; the 
constant region is generally thought to have no effect on affinity). As shown in Fig. 45, 
Fv3-M73 and Fv4-M73 exhibit slightly stronger activities than TOCILIZUMAB. As shown in 
Fig. 44, Fv5-M83 has a very strong activity, which is more than 100 times greater than that of 
TOCILIZUMAB in terms of 50% inhibitory concentration. Fv5-M83 also exhibits about 10 
10 times higher neutralizing activity in terms of 50% inhibitory concentration than the control (the 
known high-affinity anti-IL-6 receptor antibody). 



Table 16 





k a (1/Ms) 


k d (1/s) 


KD (M) 


TOCILIZUMAB 


4.0E+05 


1.1E-03 


2.7E-09 


FV3-M73 


8.5E+05 


8.7E-04 


1 .OE-09 


Fv4-M73 


7.5E+05 


1 .OE-03 


1 .4E-09 


Fv5-M83 


1.1E+06 


2.8E-05 


2.5E-11 



15 The isoelectric points of TOCILIZUMAB, the control, Fv3-M73, Fv4-M73, and 

Fv5-M83 were determined by isoelectric focusing using a method known to those skilled in the 
art. The result showed that the isoelectric point was about 9.3 for TOCILIZUMAB; about 8.4 
to 8.5 for the control; about 5.7 to 5.8 for Fv3-M73; about 5.6 to 5.7 for Fv4-M73; and 5.4 to 5.5 
for Fv5-M83. Thus, each antibody had a significantly lowered isoelectric point when compared 

20 to TOCILIZUMAB and the control. Furthermore, the theoretical isoelectric point of the 

variable regions VH/VL was calculated by GENET YX (GENETYX CORPORATION). The 
result showed that the theoretical isoelectric point was 9.20 for TOCILIZUMAB; 7.79 for the 
control; 5.49 for Fv3-M73; 5.01 for Fv4-M73; and 4.27 for Fv5-M83. Thus, each antibody had 
a significantly lowered isoelectric point when compared to TOCILIZUMAB and the control. 

25 Accordingly, the pharmacokinetics of Fv3-M73, Fv4-M73, and Fv5-M83 was thought to be 
improved when compared to TOCILIZUMAB and the control. 

T-cell epitopes in the variable region sequence of TOCILIZUMAB, Fv3-M73, Fv4-M73, 
or Fv5-M83 were analyzed using TEPITOPE (Methods. 2004 Dec;34(4):468-75). As a result, 
TOCILIZUMAB was predicted to have T-cell epitopes, of which many could bind to HLA. In 

30 contrast, the number of sequences that were predicted to bind to T-cell epitopes was significantly 
reduced in Fv3-M73, Fv4-M73, and Fv5-M83. In addition, the framework of Fv3-M73, 
Fv4-M73, or Fv5-M83 has no mouse sequence and is thus fully humanized. These suggest the 
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possibility that immunogenicity risk is significantly reduced in Fv3-M73, Fv4-M73, and 
Fv5-M83 when compared to TOCILIZUMAB. 

[Example 20] PK/PD test of fully humanized anti-IL-6 receptor antibodies in monkeys 
5 Each of TOCILIZUMAB, the control, Fv3-M73, Fv4-M73, and Fv5-M83 was 

intravenously administered once at a dose of 1 mg/kg to cynomolgus monkeys to assess the time 
courses of their plasma concentrations (see Reference Example for method). The plasma 
concentration time courses of TOCILIZUMAB, Fv3-M73, Fv4-M73, and Fv5-M83 after 
intravenous administration are shown in Fig. 46. The result showed that each of Fv3-M73, 
10 Fv4-M73, and Fv5-M83 exhibited significantly improved plasma retention in cynomolgus 
monkeys when compared to TOCILIZUMAB and the control. Of them, Fv3-M73 and 
Fv4-M73 exhibited substantially improved plasma retention when compared to 
TOCILIZUMAB. 

The efficacy of each antibody to neutralize membrane -bound cynomolgus monkey IL-6 

15 receptor was assessed. Cynomolgus monkey IL-6 was administered subcutaneously in the 

lower back at 5 jug/kg every day from Day 6 to Day 1 8 after antibody administration (Day 3 to 
Day 10 for TOCILIZUMAB), and the CRP concentration in each animal was determined 24 
hours later (see Reference Example for method). The time course of CRP concentration after 
administration of each antibody is shown in Fig. 47. To assess the efficacy of each antibody to 

20 neutralize soluble cynomolgus monkey IL-6 receptor, the plasma concentration of free soluble 
cynomolgus monkey IL-6 receptor in the cynomolgus monkeys was determined and percentage 
of soluble IL-6 receptor neutralization were calculated (see Reference Example for method). 
The time course of percentage of soluble IL-6 receptor neutralization after administration of each 
antibody is shown in Fig. 48. 

25 Each of Fv3-M73, Fv4-M73, and Fv5-M83 neutralized membrane -bound cynomolgus 

monkey IL-6 receptor in a more sustainable way, and suppressed the increase of CRP over a 
longer period when compared to TOCILIZUMAB and the control (the known high-affinity 
anti-IL-6 receptor antibody). Furthermore, each of Fv3-M73, Fv4-M73, and Fv5-M83 
neutralized soluble cynomolgus monkey IL-6 receptor in a more sustainable way, and suppressed 

30 the increase of free soluble cynomolgus monkey IL-6 receptor over a longer period when 

compared to TOCILIZUMAB and the control. These findings demonstrate that all of Fv3-M73, 
Fv4-M73, and Fv5-M83 are superior in sustaining the neutralization of membrane-bound and 
soluble IL-6 receptors than TOCILIZUMAB and the control. Of them, Fv3-M73 and Fv4-M73 
are remarkably superior in sustaining the neutralization. Meanwhile, Fv5-M83 suppressed CRP 

35 and free soluble cynomolgus monkey IL-6 receptor more strongly than Fv3-M73 and Fv4-M73. 
Thus, Fv5-M83 is considered to be stronger than Fv3-M73, Fv4-M73, and the control (the 



Translation for WO 2009/041621 

129 

known high-affinity anti-IL-6 receptor antibody) in neutralizing membrane-bound and soluble 
IL-6 receptors. It was considered that results in in vivo of cynomolgus monkeys reflect the 
stronger affinity of Fv5-M83 for IL-6 receptor and stronger biological activity of Fv5-M83 in the 
BaF/gpl30 assay system relative to the control. 
5 These findings suggest that Fv3-M73 and Fv4-M73 are highly superior in sustaining 

their activities as an anti-IL-6 receptor-neutralizing antibody when compared to 
TOCILIZUMAB and the control, and thus enable to significantly reduce the dosage and 
frequency of administration. Furthermore, Fv5-M83 was demonstrated to be remarkably 
superior in terms of the strength of activity as an anti-IL-6 receptor-neutralizing antibody as well 
10 as sustaining their activity. Thus, Fv3-M73, Fv4-M73, and Fv5-M83 are expected to be useful 
as pharmaceutical IL-6 antagonists. 

[Reference Example] 

15 Preparation of soluble recombinant cynomolgus monkey IL-6 receptor (cIL-6R) 

Oligo-DNA primers were prepared based on the disclosed gene sequence for Rhesus 
monkey IL-6 receptor (Bimey et al. 9 Ensembl 2006, Nucleic Acids Res. 2006 Jan 1;34 (Database 
issue):D556-61). A DNA fragment encoding the whole cynomolgus monkey IL-6 receptor 
gene was prepared by PCR using the primers, and as a template, cDNA prepared from the 

20 pancreas of cynomolgus monkey. The resulting DNA fragment was inserted into an animal cell 
expression vector, and a stable expression CHO line (cyno.sIL-6R-producing CHO cell line) was 
prepared using the vector. The culture medium of cyno.sIL-6R-producing CHO cells was 
purified using a HisTrap column (GE Healthcare Bioscience) and then concentrated with 
Amicon Ultra- 15 Ultracel- 1 0k (Millipore). A final purified sample of soluble cynomolgus 

25 monkey IL-6 receptor (hereinafter cIL-6R) was obtained through further purification on a 
Superdex200pg 16/60 gel filtration column (GE Healthcare Bioscience). 

Preparation of recombinant cynomolgus monkey IL-6 (cIL-6) 

Cynomolgus monkey IL-6 was prepared by the procedure described below. The 

30 nucleotide sequence encoding 212 amino acids deposited under SWISSPROT Accession No. 
P79341 was prepared and cloned into an animal cell expression vector. The resulting vector 
was introduced into CHO cells to prepare a stable expression cell line (cyno.IL-6-producing 
CHO cell line). The culture medium of cyno.IL-6-producing CHO cells was purified using a 
SP-Sepharose/FF column (GE Healthcare Bioscience) and then concentrated with Amicon 

35 Ultra- 15 Ultracel-5k (Millipore). A final purified sample of cynomolgus monkey IL-6 
(hereinafter cIL-6) was obtained through further purification on a Super dex75pg26/60 gel 
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filtration column (GE Healthcare Bioscience), followed by concentration with Amicon Ultra- 15 
Ultracel-5k (Millipore). 

Preparation of a known high-affinity anti-IL-6 receptor antibody 
5 An animal cell expression vector was constructed to express VQ8F1 1-21 hlgGl, a 

known high-affinity anti-IL-6 receptor antibody. VQ8F1 1-21 hlgGl is described in US 
2007/0280945 Al (US 2007/0280945 Al; the amino acid sequences of H chain and L chain as 
set forth in SEQ ID NOs: 19 and 27, respectively). The antibody variable region was 
constructed by PCR using a combination of synthetic oligo DNAs (assembly PCR). IgGl was 

10 used as the constant region. The antibody variable and constant regions were combined 

together by assembly PCR, and then inserted into an animal cell expression vector to construct 
expression vectors for the H chain and L chain of interest. The nucleotide sequences of the 
resulting expression vectors were determined by a method known to those skilled in the art. 
The high-affinity anti-IL-6 receptor antibody (hereinafter abbreviated as "control") was 

15 expressed and purified using the constructed expression vectors by the method described in 
Example 1. 

Biacore-based analysis of binding to IL-6 receptor 

Antigen-antibody reaction kinetics was analyzed using Biacore T100 (GE Healthcare). 
20 The SR344-antibody interaction was measured by immobilizing appropriate amounts of anti-IgG 

(y-chain specific) F(ab')2 onto a sensor chip by amine coupling method, binding antibodies of 

interest onto the chip at pH7.4, and then running IL-6 receptor SR344 adjusted to be various 

concentrations at pH7.4 over the chip as an analyte. All measurements were carried out at 37°C. 

The kinetic parameters, association rate constant k a (1/Ms) and dissociation rate constant ka (1/s) 
25 were calculated from the sensorgrams obtained by measurement. Then, K D (M) was 

determined based on the rate constants. The respective parameters were determined using 

Biacore T100 Evaluation Software (GE Healthcare). 

PK/PD test to determine the plasma concentrations of antibodies, CRP, and free soluble IL-6 
30 receptor in monkeys 

The plasma concentrations in cynomolgus monkeys were determined by ELISA using a 
method known to those skilled in the art. 

The concentration of CRP was determined with an automated analyzer (TBA-120FR; 
Toshiba Medical Systems Co.) using Cias R CRP (KANTO CHEMICAL CO., INC.). 
35 The plasma concentration of free soluble cynomolgus monkey IL-6 receptor in 

cynomolgus monkeys was determined by the procedure described below. All IgG antibodies 
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(cynomolgus monkey IgG, anti-human IL-6 receptor antibody, and anti-human IL-6 receptor 
antibody-soluble cynomolgus monkey IL-6 receptor complex) in the plasma were adsorbed onto 
Protein A by loading 30 |ul of cynomolgus monkey plasma onto an appropriate amount of 
rProtein A Sepharose Fast Flow resin (GE Healthcare) dried in a 0.22-jum filter cup (Millipore). 
5 Then, the solution in cup was spinned down using a high-speed centrifuge to collect the solution 
that passed through. The solution that passed through does not contain Protein A-bound 
anti-human IL-6 receptor antibody-soluble cynomolgus monkey IL-6 receptor complex. 
Therefore, the concentration of free soluble IL-6 receptor can be determined by measuring the 
concentration of soluble cynomolgus monkey IL-6 receptor in the solution that passed through 
10 Protein A. The concentration of soluble cynomolgus monkey IL-6 receptor was determined 
using a method known to those skilled in the art for measuring the concentrations of soluble 
human IL-6 receptor. Soluble cynomolgus monkey IL-6 receptor (cIL-6R) prepared as 
described above was used as a standard. 

Then the percentage of soluble IL-6 receptor neutralization was calculated by following 

1 5 formula. 

Free soluble IL-6 receptor concentration after antibody administration 

X100 

Soluble IL-6 receptor concentration before antibody administration 

Industrial Applicability 

The present invention provides second-generation molecules, which are more superior 

20 than the humanized anti-IL-6 receptor IgGl antibody TOCILIZUMAB, and have been improved 
to exhibit enhanced antigen-neutralizing activity and pharmacokinetics, and thus produce a 
prolonged therapeutic effect even when the frequency of administration is reduced. They have 
also been improved to have reduced immunogenicity, and improved safety and physiochemical 
properties, by altering amino acid sequences of the variable and constant regions of 

25 TOCILIZUMAB. Furthermore, the present invention also provides antibody constant regions 
suitable for pharmaceuticals. 
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CLAIMS 

1. An anti-IL-6 receptor antibody of any one of: 
5 (a) an antibody that comprises a heavy chain variable region comprising CDR1 in which Ser at 
position 1 in the amino acid sequence of SEQ ID NO: 1 has been substituted with another amino 

acid; 

(b) an antibody that comprises a heavy chain variable region comprising CDR1 in which Trp at 
position 5 in the amino acid sequence of SEQ ID NO: 1 has been substituted with another amino 

1 0 acid; 

(c) an antibody that comprises a heavy chain variable region comprising CDR2 in which Tyr at 
position 1 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino 
acid; 

(d) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at 
15 position 8 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino 

acid; 

(e) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at 
position 9 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino 
acid; 

20 (f) an antibody that comprises a heavy chain variable region comprising CDR3 in which Ser at 
position 1 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino 
acid; 

(g) an antibody that comprises a heavy chain variable region comprising CDR3 in which Leu at 
position 2 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino 

25 acid; 

(h) an antibody that comprises a heavy chain variable region comprising CDR3 in which Thr at 
position 5 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino 
acid; 

(i) an antibody that comprises a heavy chain variable region comprising CDR3 in which Ala at 
30 position 7 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino 

acid; 

(j) an antibody that comprises a heavy chain variable region comprising CDR3 in which Met at 
position 8 in the amino acid sequence of SEQ ID NO: 3 has been substituted with another amino 
acid; 

35 (k) an antibody that comprises a heavy chain variable region comprising CDR3 in which Ser at 
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position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 have been 
substituted with other amino acids; 

(1) an antibody that comprises a heavy chain variable region comprising CDR3 in which Leu at 
position 2, Ala at position 7, and Met at position 8 in the amino acid sequence of SEQ ID NO: 3 
5 have been substituted with other amino acids; 

(m) an antibody that comprises a light chain variable region comprising CDR1 in which Arg at 
position 1 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
acid; 

(n) an antibody that comprises a light chain variable region comprising CDR1 in which Gin at 
10 position 4 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
acid; 

(o) an antibody that comprises a light chain variable region comprising CDR1 in which Tyr at 
position 9 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
acid; 

15 (p) an antibody that comprises a light chain variable region comprising CDR1 in which Asn at 
position 1 1 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another 
amino acid; 

(q) an antibody that comprises a light chain variable region comprising CDR2 in which Thr at 
position 2 in the amino acid sequence of SEQ ID NO: 5 has been substituted with another amino 
20 acid; 

(r) an antibody that comprises a light chain variable region comprising CDR3 in which Gin at 
position 1 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino 
acid; 

(s) an antibody that comprises a light chain variable region comprising CDR3 in which Gly at 
25 position 3 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino 
acid; 

(t) an antibody that comprises a light chain variable region comprising CDR1 in which Tyr at 
position 9 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
acid, and CDR3 in which Gly at position 3 in the amino acid sequence of SEQ ID NO: 6 has 
30 been substituted with another amino acid; 

(u) an antibody that comprises a light chain variable region comprising CDR3 in which Thr at 
position 5 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino 
acid; 

(v) an antibody that comprises a light chain variable region comprising CDR3 in which Gin at 
35 position 1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 have been 
substituted with other amino acids; 
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(w) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at 
position 9 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino 
acid, and CDR3 in which Ser at position 1 and Thr at position 5 in the amino acid sequence of 
SEQ ID NO: 3 have been substituted with other amino acids; 
5 (x) an antibody that comprises the heavy chain variable region of (k) and the light chain variable 
region of (v); and 

(y) the antibody of (x) that further comprises the CDR2 of (e). 



2. An anti-IL-6 receptor antibody that comprises a light chain variable region comprising CDR2 
10 in which Thr at position 2 in the amino acid sequence of SEQ ID NO: 5 has been substituted 

with another amino acid. 

3. An anti-IL-6 receptor antibody of any one of: 

(a) an antibody that comprises a heavy chain variable region comprising FR1 in which Arg at 
15 position 13 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another 

amino acid; 

(b) an antibody that comprises a heavy chain variable region comprising FR1 in which Gin at 
position 16 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another 
amino acid; 

20 (c) an antibody that comprises a heavy chain variable region comprising FR1 in which Thr at 
position 23 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another 
amino acid; 

(d) an antibody that comprises a heavy chain variable region comprising FR1 in which Thr at 
position 30 in the amino acid sequence of SEQ ID NO: 7 has been substituted with another 

25 amino acid; 

(e) an antibody that comprises a heavy chain variable region comprising FR1 in which Arg at 
position 13, Gin at position 16, Thr at position 23, and Thr at position 30 in the amino acid 
sequence of SEQ ID NO: 7 have been substituted with other amino acids; 

(f) an antibody that comprises a heavy chain variable region comprising FR2 in which Arg at 
30 position 8 in the amino acid sequence of SEQ ID NO: 8 has been substituted with another amino 

acid; 

(g) an antibody that comprises a heavy chain variable region comprising FR3 in which Met at 
position 4 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another amino 
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acid; 

(h) an antibody that comprises a heavy chain variable region comprising FR3 in which Leu at 
position 5 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another amino 
acid; 

5 (i) an antibody that comprises a heavy chain variable region comprising FR3 in which Arg at 
position 16 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another 
amino acid; 

(j) an antibody that comprises a heavy chain variable region comprising FR3 in which Val at 
position 27 in the amino acid sequence of SEQ ID NO: 9 has been substituted with another 
10 amino acid; 

(k) an antibody that comprises a heavy chain variable region comprising FR3 in which Met at 
position 4, Leu at position 5, Arg at position 16, and Val at position 27 in the amino acid 
sequence of SEQ ID NO: 9 have been substituted with other amino acids; 
(1) an antibody that comprises a heavy chain variable region comprising FR4 in which Gin at 
15 position 3 in the amino acid sequence of SEQ ID NO: 10 has been substituted with another 
amino acid; 

(m) an antibody that comprises a light chain variable region comprising FR1 in which Arg at 
position 18 in the amino acid sequence of SEQ ID NO: 1 1 has been substituted with another 
amino acid; 

20 (n) an antibody that comprises a light chain variable region comprising FR2 in which Lys at 
position 1 1 in the amino acid sequence of SEQ ID NO: 12 has been substituted with another 
amino acid; 

(o) an antibody that comprises a light chain variable region comprising FR3 in which Gin at 
position 23 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another 
25 amino acid; 

(p) an antibody that comprises a light chain variable region comprising FR3 in which Pro at 
position 24 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another 
amino acid; 

(q) an antibody that comprises a light chain variable region comprising FR3 in which He at 
30 position 27 in the amino acid sequence of SEQ ID NO: 13 has been substituted with another 
amino acid; 

(r) an antibody that comprises a light chain variable region comprising FR3 in which Gin at 
position 23, Pro at position 24, and He at position 27 in the amino acid sequence of SEQ ID NO: 
13 have been substituted with other amino acids; 
35 (s) an antibody that comprises a light chain variable region comprising FR4 in which Lys at 
position 10 in the amino acid sequence of SEQ ID NO: 14 has been substituted with another 
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amino acid; 

(t) an antibody that comprises a heavy chain variable region comprising FR4 in which Ser at 
position 5 in the amino acid sequence of SEQ ID NO: 10 has been substituted with another 
amino acid; 

5 (u) an antibody that comprises a heavy chain variable region comprising FR4 in which Gin at 
position 3 and Ser at position 5 in the amino acid sequence of SEQ ID NO: 10 have been 
substituted with other amino acids; 

(v) an antibody that comprises a heavy chain variable region comprising FR3 comprising the 
amino acid sequence of SEQ ID NO: 184; 
10 (w) an antibody that comprises a heavy chain variable region comprising the FR1 of (e), FR2 of 
(f), FR3 of (k), and FR4 of (1) or (u); 

(x) an antibody that comprises a light chain variable region comprising the FR1 of (m), FR2 of 
(n), FR3 of (r), and FR4 of (s); and 

(y) an antibody that comprises the heavy chain variable region of (w) and the light chain variable 
15 region of (x). 

4. An anti-IL-6 receptor antibody of any one of: 

(a) an antibody that comprises a heavy chain variable region comprising CDR1 in which Ser at 
position 1 in the amino acid sequence of SEQ ID NO: 1 has been substituted with another amino 

20 acid; 

(b) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at 
position 9 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another amino 
acid; 

(c) an antibody that comprises a heavy chain variable region comprising CDR2 in which Ser at 
25 position 16 in the amino acid sequence of SEQ ID NO: 2 has been substituted with another 

amino acid; 

(d) an antibody that comprises a heavy chain variable region comprising CDR2 in which Thr at 
position 9 and Ser at position 16 in the amino acid sequence of SEQ ID NO: 2 have been 
substituted with other amino acids; 

30 (e) an antibody that comprises a light chain variable region comprising CDR1 in which Arg at 

position 1 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 
acid; 

(f) an antibody that comprises a light chain variable region comprising CDR2 in which Thr at 
position 2 in the amino acid sequence of SEQ ID NO: 5 has been substituted with another amino 
35 acid; 
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(g) an antibody that comprises a light chain variable region comprising CDR2 in which Arg at 
position 4 in the amino acid sequence of SEQ ID NO: 5 has been substituted with another amino 
acid; 

(h) an antibody that comprises a light chain variable region comprising CDR2 in which Thr at 
5 position 2 and Arg at position 4 in the amino acid sequence of SEQ ID NO: 5 have been 

substituted with other amino acids; 

(i) an antibody that comprises a light chain variable region comprising CDR3 in which Thr at 
position 5 in the amino acid sequence of SEQ ID NO: 6 has been substituted with another amino 
acid; 

10 (j) an antibody that comprises a heavy chain variable region comprising the CDR1 of (a), CDR2 
of (d), and CDR3 comprising the amino acid sequence of SEQ ID NO: 3; 

(k) an antibody that comprises a light chain variable region comprising the CDR1 of (e), CDR2 
of (h), and CDR3 of (i); and 

(1) an antibody that comprises the heavy chain variable region of (j) and the light chain variable 
15 region of (k). 

5. An anti-IL-6 receptor antibody of any one of: 

(a) an antibody that comprises a heavy chain variable region comprising CDR1 in which Ser at 
position 1 in the amino acid sequence of SEQ ID NO:l has been substituted with another amino 

20 acid, CDR2 in which Thr at position 9 and Ser at position 16 in the amino acid sequence of 

SEQ ID NO: 2 have been substituted with other amino acids, and CDR3 in which Ser at position 
1 and Thr at position 5 in the amino acid sequence of SEQ ID NO: 3 have been substituted with 
other amino acids; 

(b) an antibody that comprises a light chain variable region comprising CDR1 in which Arg at 
25 position 1 in the amino acid sequence of SEQ ID NO: 4 has been substituted with another amino 

acid, CDR2 in which Thr at position 2 and Arg at position 4 in the amino acid sequence of SEQ 
ID NO: 5 have been substituted with other amino acids, and CDR3 in which Gin at position 1 and 
Thr at position 5 in the amino acid sequence of SEQ ID NO: 6 have been substituted with other 
amino acids; 

30 (c) an antibody that comprises a heavy chain variable region comprising the amino acid sequence 
of SEQ ID NO: 22; 

(d) an antibody that comprises a light chain variable region comprising the amino acid sequence 
of SEQ ID NO: 23; 

(e) an antibody that comprises the heavy chain variable region of (a) and the light chain variable 
35 region of (b); and 
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(f) an antibody that comprises the heavy chain variable region of (c) and the light chain variable 
region of (d). 

6. An anti-IL-6 receptor antibody whose binding activity to an IL-6 receptor is 1 nM or less. 

7. An anti-IL-6 receptor antibody, wherein the measured isoelectric point of the full-length 
antibody is 7.0 or lower or the theoretical isoelectric point of the variable region is 5.0 or lower. 

8. An anti-IL-6 receptor antibody, wherein the increase in the ratio of antibody aggregate after 
one month at 25°C in a buffer containing 20 mM Histidine-HCl and 150 mM NaCl at pH 6.5 to 
7.0 is 0.3% or less when the concentration of the antibody is 100 mg/ml. 

9. A pharmaceutical composition comprising the antibody of any one of claims 6 to 8. 
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ABSTRACT 

The present inventors succeeded in discovering specific amino acid mutations in the 
5 variable region, framework region, and constant region of TOCILIZUMAB, and this enables to 
reduce immunogenicity risk and the heterogeneity originated from disulfide bonds in the hinge 
region, as well as to improve antigen binding activity, pharmacokinetics, stability under acidic 
conditions, and stability in high concentration preparations. 
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[0011] ;fc3£l£| Mlttf^(^tMbfeiIL-6Wir^— IgGl^t#:-efe5TOCILIZUMAB 

^^JKfe gc^tt, ^l£(^^t£:&«J:t*i&— t£)&3fc#;*£\ tocilizumabJ:^ 
^&^kX*MWW}M&\%±£*tZ>z.kfci&$}l,rz. 0 ^tc^mm^-hn, tocilizuma 

B(D~7U— J±V— ?\ZMfe^^V^&^(DW$\\&£X$^M^^\^^^Xm silico~C 
\Z.^$&m#bte, TOCILIZUMAB(D^^fgl^^*5V^-C, §T LV ^T-cell^t>— ~f^~f 

[0012] ^IS^fi, IgGl^if$-C$?5TOCILIZUMAB(Dl5j^Il^*5j: 
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TV ^CDR3^^r-T5S^ ^^3r^tP#C#\ 

(g) IB^II#^:3^|Bft(Dr?/^IB^J{-fcV^r2#g(DLeu^f-rlcor5:/^^B^$ 

(h) @B^"J#^:3^fBft(Dr^/^IB^J^*5V^-C5#g(DThr^f^(Dr^/^^m^ 
tbTV ^CDR3Sr^ri"SM^ Rng^JKSrg'tP^t^, 

(0 IBM#^:3^fSgc<Dr^/^SB?lJi-fcV^T7#g(^Ala^(DT^7^(-gm^^ 
(j) @B^I#-^:3^fBS(DT5:/^IB?ljr*5V^8# g <DMet&4&<DT^SWt\Z.W&£ 

(k) IB^IJ^-^-: 3(^fBic»T^y^@B^J^*3V^Tl^ g OSeri3«J;t^5# g GOThr/^fft 

(DT^/^^gm$nTV^5CDR3^^-r5S^"sr^^^tffei#:> 
(1) SB^J#^-:3^faic»T^/^gB^IJ^fcV^T2#g(7)Leu, 7# g (DAlafe J:0«8# 
g (DMet^SftfccoT^/^^gm^^TV ^CDR3^WT-5M§l^fJtij££ra tr#C#\ 
(m) SB^J#-^-:4^fEfc(DT^7^iaM(-^V^Tl# g <£>Arg;&Sftfa<£>T^/^{<:gi&£ 
*LTV ^CDRl^T-5^0^J^|gJ*^tP^f*> 

(n) IB^J#-^-:4(^ffiic(Dr^y^IB^J5-*DV^T4#g COGln^Sf^fDT^/^^g^ 
^TV ^CDRl^-rSMI "ST^^-a-tpfei#:, 

(o) gB^"I#^:4^|B^(DT^/^IB^J(-*3V^T9#gcr)Tyr^(^r^y^^gm$ 



WO 2009/041621 



12 



Translation for WO 2009/041621 
PCT/JP2008/067499 



(t) Sa^lJ^-^:4^SBftCOT^7^iE^IJl-*5V^T9§ g <DTyr^ftJl(DT^./^Bm£ 

^y^(-gm$^TV^CDR3^-r5M^I^M^'atfi7Lf*, 

(u) ia^lJ#-i*:6^fa4fe(Dr^/^Ba^J(c:*5V^-r5# g <DThr^ftoT^/^«m£ 

(v) BB^J#-^:6lJl|E4feOT^/SIBa^l^*5V^Tl# g <£>Gln:*5«J:U«5# g <£>Thr#Sf& 

(w) ia^ij#^:2^faft<Dr^/^sa^j^^v^'r9#B(7)Thr^ftfc(Dr^/^^e^ 

;ft/Cl^5CDR2, *5«tt)«Ba^J#-i-:3lclfaife(Dr^y^ia^J^*3V^Tl#g WSer*3«t 
l*5# g (DThr^Sf^(DT^/^l3lg^$n-CV^CDR3^-r5S0BT^IB^'a-tP 

(y) (e)<DCDR2Sr$P>l^tp(x)^IE4feO^:flc, 

[2] IB^IJ^^- : 5 ^fBttcDT ^/MfeBB^J fc&V ^T2# g <OThr#Sfi&<E>T^fifei£lg|fe£ 

nTV^CDR2^W^5M^^M^^tffeiIL-61/ir^-47Lf*, 

[3] £*T<£>(a)~(y)l ^T^^^SB«(DfeiIL-61xir^— ^ ; 

(a) m&l&^r : 7\Z.&M<DT^SWtWffl\Z.& V ^T13# g <£>Arg#Sf|&<Dr^/Ifefciaifc£ 

(b) ia^lJ#-^: 7l51|Bife<?5T^/SfeBa^l^*5V^T16# g <DGlnaSftk<£>T^/^{ilBi&£ 
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(c) 6B#I#-^: 7\£&M<DT^SW8&gtoz.$5}, ^T23# g <&Thr&ifo<DT^SWtfcW. : &£ 

(d) BB?!l#-^:7^|B4fe<Z5r^yilBB^Ii-*3V>T30# g <DThr^f&<DT^/^g|&£ 

(e) @B^J#-^:7^fS^(Dr^/^IE^I^*5V>T13#g(DArg, 16#g(DGl n> 23# 

g <DThr*5j;tJ«30# g <DThr^sftfc(^r^yillJ:glSI$^cFRliS:^ri-SM® RT^M*fi 

(f) @B^J#^:8(-fSic(DT^y^ia^J{-fcV^T8#g (DArg^f^^T^y^^em^ 
(0 BB^IJ#-^:9^|Bft<7)T^7^IE^J}-*5V^T16$g<7)Arg^cOT^/^^g^$ 

fhtcFR2^ir^mm^\M^M^nmt-. 

(k) IB?lJ#-^:9^fE<c^r^/^IB^lJ^*5V>T4#g(DMet, 5# g <DLeu, 16#g 

<7)Arg*5 J:tJ«27# g <7)Vald5||fc<?5T^/SI^BlSl$ttfcFR3S:^ri-SM^ Rl^iiR^&r 

(l) IB^IJ#^:10^fHtt<^T5:y^SB^J^*5V^T3#g(7)Gln^f^cor^/^^gm$ 
(m) iB^J#^:ll{-|Eft(Dr^y^IB^J^fcV^-C18#g(DArg^(Dr^/^^g 

mznfcFRi&m^&mm^mn^^&ttW-, 

(n) SB^IJ#^- : 12^fSS<DT^/^IB^IJ^*5V vCl 1# g <DLys^ftil(DT^^e$| 
(o) IB^IJ#-^: 13^ta*<DT^/^IB^J^joV^-C23# g (DGln/^f&(DT^/^gm 
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(r) SE^IJ#-^-:13(-fE<6(DT^7@tIB^J(-joV^T23|ig(DGln > 24# g (DProfe 
27# g (DIle^Mtil«r^y^^gm^^FR3^^5S0^^^^£p^#:, 

(u) IE^IJ#-^-: 10^fSgc(DT^y^IB^J(-^V ^T3# g (DGlnfeJ:t)«5# g (DSer^Sftfe 

(w) (e)l-fSic<DFRU (f)^fBic<DFR2, (k)^fB<c(7)FR3So £tXl)^:f3(u)rfE^<DF 
R4^t?miI^I^»^^tpfe ! Lf*, 

(x) (m)^fBft(DFRF (n)(^fB^COFR2 > (r)fcfB4&<DFR3:fe<fcT^(s){£fEi&<£>FR4£rg- 
[4] ^T<D(a)~(l)V ^^-fB^(DfeiIL-6^ir^— ^C#: ; 

(a) IE^IJ#-^: l^fBftfDT^/^IB^J^fcV^-ClS g (DSer^ftoT^/^gm^ 

(b) ia?IJ#-*§- : 2^fBic<DT^/Sf SB^J fc*3l ^T9# g (DThr^fft<DT^/^g|&£ 
tL/cCDR2^4t-r5SiI"5I^IS«^-a^#;, 

(c) : 2^fBic<DT^y^@B^J(-^o V ^T16# g <DSer^Sfri(DT^y^5-em$ 

(d) IB^IJ^-^-: 2^fB<4(DT^y^ga^J^joV^-C9# g (DThr*5j;t^l6# g <DSer&{ik 
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(g) @B^IJ#-^: 5^fSS(DT^/^IE^lI^*5V>T4# g <DArg^ftoT^SH-g$^ 

(h) IB^IJ#-^: 5(31|EftCOT3:/^IB^it3l4oV>T2S g (DThr*5 £tM§ g GQArgflSftfe 
(0 ga^lJ^^I- : 6 \ZMWL<DT ^7^IE^IJ}-*5V g <Z)Thr^f-r£cDT 

(j) (a)i-fBicOCDRK (d){-fa^(DCDR2*5j;^WI#-^:3^fBft(Dr5:/^IE^J^r 

^r-f-5CDR3^-t?m^"sr^^^-£pfei#:, 

(k) (e)^ffiii(DCDRU (h)^|Eft(DCDR2*5 J;t>Xi)(-ffi*c^CDR3^'a tfi&gC rT^B 

(1) (j)^fS«c^M^I^Mi^, &J:t>\ (k)^|E«(D^"Sl«^^£p^L#:, 
[5] ^T?Xa)~(f)V ^ ^t#: ; 

(a) IE?IJ#-5§-: l{c:|B4fe<DT?/^BH^IJ(cl*3V^-ri# g ^Ser^ (7)7^/^13^8 
m^^L/cCDRU IE^lJ#-^:2^|E^(Dr3:/^IB^J{-fcV^T9#i(DThrjoJ:t)«16# 
g (DSer^5ft^(7)T^/^^g^$^CDR2 N *5 <OTIB?IJ#-^: 3^fEtt<7)X^/^@E 
^IJ^^V^TIS g (7)Ser*5j;tJ«5# g <OThr3Sft&<7)T^/^f£g&£;ft,fcCDR3£^i? 

(b) IB^lJS-^:4^|Eft(DT^/^IB^I^V^TlS g (DArg^f&cDT^/^glfe* 
n/cCDRU iE^"J#-^: 5^fBft<DT5;/^IE^J^feV^-C2# g (DThrfc J;tM# g (D 
Arg^Sf^(7)T^/^^gm$n^CDR2, &<fct£ia?lJ#^:6f-ia4&<DT^^BE?lJ{<: 
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(e) (a)l^i©i|nlilifcJ:(;(b)i:!Bto6|Blii#^tf^ft, 

(f) (c)iz.mm<Dmm^mm^^md)iz.mm^nm.'^mm^^^w-, 

[6] ^T?Xa)~(c)V vf n^^-IE<c(Z?thfex#:/£SMJ* ; 

(a) IE^lJ##-:19(cl|S4fe(DT5/^BS^J{cl*5V^T, 329#g (EU^^^y^446# 
g ) (DGly<Jr330# g (EU^^y^447# g ) (DLys/^M^MLTV ^>r££r#m 

(b) gB?lJ#-^:20^fEic^r^y^IE^lJ^*5V^T, 325#g (EU^^!J^446# 
g ) (DGlyi:326# g (EU^^^i;^447# g ) (DLys^^MLTV ^r££#f§$[ 

(c) ia^lJ#-^-:21^fSic(Z)T^y^IEM(-^V^T, 326# g (EU^^y^446# 
g ) (DGly^327# g (EU^^y^447# g ) (DLys^jrC^tiLTV 

C7]BH^J#-i-:20^fa*(Dr5/^iE^lJ^*5V^-C, 209§ g (EU-^^^y^330^ 
g ) „ 210# g (EU^>v^y^331# g ) fcJ;tJ«218# g (EU"^^y^339# g ) 

C8]@E^i#-^-:20^fB^COTS:/^ME?lJ^*5V^T, 276^ g (EU-^^y^397# 

C9]iE^JS-^:20^|EftC0T5:/^Sa?lJf-^V^-C, 14# g (EVT>^V^l3l^ g 

h io2#g (Eu-^-^^y^2i9#g), fc^ov^/cme^g (Eu-^^y>^i33 

[10]IE^J#^-:20^fBic»T^y^IE^J^*3V^-C, 20S i (EU^^y^l37# 
g ) *3«J:U*21# g (EU^^^y^l38# g ) cDT^/^£bi-f-&<DT^/^gm£ 
n-CV^r^^iftm^-TS, [9] ^|B«COIgG2^SM^, 

[lljIE^lJS^-:20^fS*c<^T^y^IE^J^*DV^T, 147#g (EU^^y^(D26 
8# g ) COHis, 234# g (EU^-^/^y^(D355^ g ) <DArg:fc5 «£TJV'*f;:J3:298# 
g (EU-t"W^y^(D419# g ) (DGln&m<DT^/mi^W:^thfclgG2]£'{gmi&, 
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Cl2]ga^!l##:20lJ:|aftor^iftE^!l^*3V^ 209#g (EU^-^^y^^330# 
gh 210#g (ELJ-^^y^331#gh 218#g (EU^>^y^339# g ) , 27 
6^ g (EU-^^^y^397# g ) , 14# g (EU^^y^l31# g ) , 16# g (EU 
-^^y^l33#g), 102#g (EU-^^^y^^219#g), 20#g (EU^^y^ 
^137§ g ) *5=tt^21^ g (EU^-^/^y^l38# g ) (DT^/M&fi&<DT^/mz.W: 

[13] [12]^fSic»IgG2^S|g^c^*5V^, $P?^325#g (EU^-^y^446# 
g ) (DGlyjoJ;^326# g {EWly^T^AAl^ g ) cDLys^itLfcT^/^gB^ 

[14]gE^IJ#-^:20(J:|B4fe(^r?/^BH^J^*3V^ % 276^ g (EU^^y^397§ 
g ) N 14# g (EU-7-^^y^I31# g ) , 16# g (EU^^^y^l33# g ) > 102# 
g (EU^-^^y^i/219S g ) , 20# g (EU^r-W^y^l37# g ) *3«tt^21# g (EU 

•^-^^y^i38S g ) <DT^y^^sftfc(DTs:/^^g^^T5y^ia^j^^-r5ig 

G2/rI^«, 

[15] [14]^fa*c»IgG2^^|g^^*5V^, £<bi-325#g (ELJ-^^y>^446# 
g ) (DGly^oJ:tJ«326# g (EU^>^y>^447# g ) OLysdSjXSb^r^/BfeBB^IS: 

[16]IB?iJ#-^:20^fBS^T^/^iE^lJi-*5V^T > 14# g (EU^>v^y^l31# 
g)OCys > 16#g (EU^-^y^l33#g)COArg, 102#g (EU^>v^y^21 
9#g)(DCys, 20#g(D(EU^-^^y^l37#g)(DGlu > 21#g (EVf-^<V> 
^138#g)(DSer\ 147#g (EU^^y^268# g ) COHis, 234# g (EU^>^ 
y^355^ g ) <£>Arg:fc5j:TJ*298# g (EU^>v^y^419# g ) <DG\n&fo<DT^S 

[17] [16]5-ffi4fe<^IgG2^^|gl^(^V^T, §P?^325#g (EU^^y^446 
# g ) <DGly*5 <t0*326# S (EU^/^y^447# g ) ©LysflS^CftLfcT^/SIBB 

^J^4t-T5lgG2^S«. 

[18]gS^J#^-:20^fatfe(Dr^y^ia?IJ^*5V^T, 14#B (EU^^U^131# 
g)(DCy S> 16#g (EU-^^^y^l33#g)COArg, 102#g (EU^^y^-^l 
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9#i)(DCys, 20#g^(EU^>-^y^l37#S)<7)Glu s 21#g (EU~r^s<V^ 
^138^g)<Z)Sei\ 147#g (EU^^^y>'^268# g ) <7)Hi S> 234# g (EU^>^ 
y>-^355# g ) »Arg, 298# g (EU^^^y^419# g ) (DGln, :}o«J;T*313# g 

[19] [18]{-fSic(^IgG2^^|gi^^*DV^T, $^^325# g (EU^^y^446 
# g ) (DGly*5j:r^326^ g (EU^^y>^447# g ) (DLys^tibfcT^/^IB 
^lJ^^i-5IgG2/£Sf«, 

[20]SB^J#-^-:21^fE<c(DT^7^ia^J(-feV^T, 289#g (EU^>^y>"^409# 

g ) , 14# g x 16# g , 20# g , 21# g , 97# g , 100# g , 102# g , 103# g 
„ 104# g :Joi;OU05# g (EWr>^V>^13l, 133, 137, 138, 214,217, 219, 220, 221, 2 
22#gh H3#g, 114#g*5j:-0 $ 115#g (EU^-^^y^233,234,235#g)(D 
T^/m^^<DT^/m^W^tl, ^Oll6^g (EU^-^/^y^236^ g ) (DT^S 

[22] [21]^fSic«IgG4^^"|S^ci-*5V^, $bi-326#g (EU^-^^y^446# 
g ) (DGly^327# g (EU-^^y^447^ g ) cDLys^^LfcIgG4^^gil£ > 
[23]SB^J#-^-:20(-fE<c»T^7^IB^J(-feV^T, 209#g (EU^^y^<7)330 
#g)(DAla, 210#g (EU"^^^y>^(D33lSg)(DPro, 218#g (ElJ-^^y^ 
^(D339# g ) <DThr\ 14#g (EU^^^y^<D131# g ) (DCys, 16#g (EU^ 
^y^(D133# g ) (DArg, 102# g (EU"^^y^(D219# g ) <DCys, 20# g (E 
U-^^y^<m37$g)(DGlu, 21^ g (EU-^^^y^C0138#g)(DSer^f^cr) 

T^/^^gm$tL/cT^y^@B^J^4l"-rSlgG2/£^|g^, 

[24] [23]^fB<c»IgG2^^|g^^*5V^, £fbi-325§ g (EU^^y>^446§ 
g ) (DGly*5j:tJ«326# g (EU^^y^447# g ) (DLys^S^tib^r^/^ia^J^ 

^■-rsigG2^^-fg^ > 

[25]IE^IJ#-^-:20^fBi6(DT^^IB^J(-^oV^-C, 14#g (EU^^^y^l31) 
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CDCys, 16# g (EU-^^^y^l33)COArg, 102#g (EW^s*Vl/Jf219) (DCys 
s 20#g (EU^-^^y^l37)(DGlu > 21# g <D (EU^^y^l38) OSer^ftb, 

[26] [25]^ffi<c<Z)IgG2^^Mi^t-*5V^T, £<bfc325#g (EU^^y^*446# 
g ) <£>G]y:*5J:U<326# g (EU^^y>^447# g ) COLys^^JiLfcT^/^Irl^lJ^ 
^r-T5lgG2^SMi*> 

[27]ia^JS^-:24^fSgc»r^/M^J^4f-t-5^IM^, 

[28] ie?ij#-§- : 1 1 8 ^fs*c»r^y^@a^ij^w-r5S^fs^> 

[29]gB^J#^-:25^fSic60r^/M^J^-r5^^«, 

[30] BE^iJ#-^ : 1 51 fcfBife<E>T5/8fcBa?iJ3r^r 

[31]ga^iJS^-:152^fSic(DT^y^ga^J^-r5/£^«> 

[32] mtm^r : 1 53^fSic^T^y^gE^J^^5/t^^J^, 

[33] mtm^- : 1 64^fH«(DT5:7^ia^J^i-5^^^, 

[34] m^m^ : 1 94 (M40 A GK) fcfB4feor^/8fcBE^J&^i-5th^#^Sig*& 

C35]gE^J#^:192(M86AGK)^|E4fe(DT^SIBE^J^i - Sthtrt^^S^^ 

[36] [6] ~ [35] (DV ^^^-fBft<D^M^4f 

[37]iL-6^w°^-^^-r5r^^#»-rs, [36] ^taft(D^{$, 

[38]IL-6Uir7°^— ^©3!g^?^asinM^T"CfcS^tthIL-6S^^tn:^^ 
[39]^^(D^#m^^7.o^T^«^^«(Da^m^^5.o^T-e 

[40]20mM Histidine-HCl, 150mM NaCl, pH6.5~7.0(D!l#fW^T"C$rLf«^^ s 100 

mg/mL-efc5^#T(-^v ^t, 25°c^i^ mM^m^^mtm^m^o. 
[41] [36] ~ [40] (D^^-rth^Kmm^w-^^mmm^o 

[0013] [Hl]WTi RD_6 ©BaF/gpl30tfifPflH4^:^i-^7-efcSo 

[|H2]rhIL-s6R (R&D systems) £ WT (D+gSf^ffl^^^i^— ^7^Sr^i*^7^"Cfc 

So 
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[|2l3]rhIL-s6R (R&D systems) t RD_6 <£>fHSf1MB<£H?>'lJ-~ ^ASr^i"^7*C 

<fc<5 0 

[|H4-2]|ll4- KD^^i-|UT?fe5 0 

[|D6]WT^ RDC23 (DBaF/gpl30^fP^t4^j^^:7-C3b5o 

[®7]rhIL-s6R (R&D systems) t RDC23 ©tBSf^fflO'fe^— ^^^T?^? 

[|2]8]rhsIL-6R^ WT <DfBSfJMB<Di?:/lJ-— ^A^^-f"^^"CfcS 0 
[|H9]rhsIL-6R^ RDC23 OlSS^ffliDtyt- ^.k&^'t'^^'CfcSo 
[|H10]SR344 £ WT CDtSS#fflCDir^— ^7^^T^i~^7^T?fe5o 
[|H11]SR344 £ RDC23 (D^Sf^/t^i?^— ^^mir^yVh^ 

[|312]WT£ H53L28 OBaF/gpl304 I ^nflH4S:^"t'^77"CfcSo 
[|D13]SR344 £ H53/L28 (D^gS^fflOi?^— ^A^^-f-^^"efcS 0 
[|H14]WT N H53/L28^^^^»ftS^m<Djk#t c t 1 MJ F l#^bfc^7-efe 

•So 

[|H15]VVT N H53/L28^^^^i^TS^m»lfn.#4 I ^it*t#^L/c^^-efe5 

[0 1 6]WT^ PF 1 CDBaF/gp 1 30 cp f p fi^4Sr^-f-^7 "Cfe5 Q 
[|H17]SR344 t PF1 (Dt@Sf^ffl(Dir^— ^A^-f-^7-efe5c 

[mi8]wT, PFitvMm^fem^w^^&^^y-efo&o 

fp^t^^^i-^^-efc^o 

[|H21]i^^|§f±i^^J;'9ttML^WT-IgGl > \VT-IgG2, \VT-IgG4, IgG2-M397V, Ig 
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[|H22]WT-IgGl, WT-IgG2, WT-IgG4(D|l^;^>^#^n^B^^ — (IEC) fr$f 

[|!|23]WT-IgG2(7)t^M^^Tt^> ? ^^^FM^«^^-ril|-efc5 0 

[|2l24]VVT-IgG2-SKSC(Dt>^M^^^^^^^^KIo^ti^^^-f"H"Cfe5o 
[El25]WT-IgG2^IgG2-SKSC(D^-r^-^^n^b^^^— (IEC) 5>#f*r5H^ 

n^b^77>r- (IEC) ^^Sr^i-ig-CfeSo 

[El27]WT-IgGl > WT-IgG2, WT-IgG4, WT-M14AGK, WT-M17 AGK, WT-M11 
A GKCO Fey RI lZ.tt-t&$*'&M(Dik1&&^-f-mX»&& 0 

[|D28]WT-IgGU WT-IgG2 s WT-IgG4, WT-M14 AGK, WT-M17 A GK N WT-M11 

A GKCO Fey Rlla ^*fi-SJj$^*<Z)JtK^i-^77"C*>So 

[|H29]WT-IgGl > WT-IgG2, WT-IgG4, WT-M14 AGK, WT-M17 AGK X WT-M11 

A GKCO Fey Rllb fctt^&1fe&m<Dfo1&&^'i~y : 7-7'V3bZ> 0 

[|H30]WT-IgGl, WT-IgG2 N WT-IgG4 N WT-M14 AGK, WT-M17 AGK, WT-M11 

A GKoO Fey RHIa (Val) KM't^^McDi^^t^^'i'^^'C^o 

[H31]VVT-IgGl, WT-M14 AGK, WT-M17 AGK, WT-M1 1 A GK(DM%k8t&fe& 

[H32]WT-IgGU VVT-M14 AGK X WT-M17 AGK, WT-M11 A GK<DMWkf&&fe& 
[|2]33]WT-IgG2<irWT-M14 A GK^WT-M31 A GKCO^^rly^M^x^^^f^y^^ (I 

EC) ftVrmgk&^-tm'efr&o 

[|H34]WTi:F2H/L39-IgG 1 (DBaF/gp 1 30 cp fuWtfe&Tjk-t^^Xfr&o 
[|ll35]^7^-rifVK-^V^-CWT^PFl^F2H/L39-IgGl^l.Omg/kg^:TS J ?-b^:0# 

[|2l36]^^^lf/^^^{t5WT^F2H/L39-IgGlS^I¥(DCRP^gS^#^-r^ 
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[|H39]WT-IgGl, VVT-MH^JcmVT-MSS^thFcRnb^^^^^^^^^^fl-I! 
[|U40]WT-IgGl N WT-M44, WT-M58, WT-M73C"tfFcRn^>^^^^-^^-vr>^ 
[|H41]^rLlL-6Hr^^-fe ! L#:WT > }jLlL-6U4r^— £tl#:F2H/L39, £r[IL-31 W4r^° 

[E]42]^IL-6Hr^— felf^WT, feiIL-61^ir^— ^TL{$F2H/L39(DCHlK^-r^(D 

[|H43]^IL-6U-fe^ 0 ^— ^#:WT(DCHlK^-r^(D^^7"-r^(D^L^i-^ttt 0 — ^ 
[|D44]TOCILIZUMAB N rn^Fn— /F&^t^vS-MSStDBaF/gplSO^&itS^fa^'ft 
[H]45]TOCILIZUMAB N Fv3-M73io<fO ? Fv4-M73(Z)BaF/gpl30(3:io(t5 c t 1 ?P^H4^: 
[|H46]TOCILIZUMAB, nyhn-^, Fv3-M73, Fv4-M73, £5 J;t^Fv5-M83^^-^ 

[IH471TOCILIZUMAB, n^hn— /F, Fv3-M73, Fv4-M73, £3 <OTFv5-M83£r#:^ 
^if/F^^rtS-^^C0CRP^^m#^Lf^7^-efc5 o 

[IH48JTOCILIZUMAB, nyfn- /F, Fv3-M73, Fv4-M73, XXJ^Fv5-M83^ ^ 

o 
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[0014] mw<DmM<DMm 



o 



[0015] «0J1f»n^l^^^t4, ^fPiEtSu «^OTt£, ^'ft^^/f^ 



o 



£f£b<fc£, ^lIL-6H?^— trt^fifcMbPM-l^i:^(TOCILIZUMAB)"CS)So «£9 



o 



[0016] tMtPM-l^f$tetHL-6W?^— lOSN^U tML-6ttML-6P-t77^©^ 



(g§!T^/^IE?iJ BE^iJ#-^:16 



S^CDRl(HCDRl)(DT5;y^IE^J IE^J#-^: 1 



gCCDR2(HCDR2)(DT^/^@E^J gE?'J#-^ : 2 



;®CDR3(HCDR3)(DT 5:y^IE^I] IE^J#^- : 3 
g|FRl(HFRl)(DT^g?|E^j BE?IJ#-J§-: 7 
f|FR2 (HFR2) (DT^/^SE^IJ SE^IJS^- : 8 
f|FR3 (HFR3) (DT^/^BH^J gE^IJ^^§- : 9 



fCFR4(HFR4)(DT^/^|E^J gE^J#-^:10 
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e^CDRl(LCDRl)wr^/BfeBB^J^rIB^lJ#-^:4 
>gf|CDR2 (LCDR2) <£>T^/8£8E?IJ3:iE?!l#-^ : 5 
igf|CDR3 (LCDR3) <E>T^/fifeBB#l&BB#l#-^ : 6 
ifS§|FRl(LFRl)<DT^/^iE?IJ£IB?IJ#-^:ll 
ig#|FR2 (LFR2) cDT^/^IB^j£-gB»^§- : 1 2 
>gflFR3 (LFR3) cr>T^/^@E?lJ£rIB?"J#-^ : 1 3 
HHIFR4 (LFR4) (DT^/SIIB^IJ^IB^J^-^ : 14 

[0017] <r^- • tfifn?gteif 3£tn;ffc> 

fcHL-6l>^^— trt^SrJl^i-5o WJM*^-^ ^^f^T(a)~(y)^IB4feO 



(a) IB^J#-^-: 1 i-fBicOT^yirtlB^J (HCDR1) fc&V vfl# g (DSer^frlcDT?/ 



'&<DT%;Wk\^\zMfe£tlt&^, Trp(RD_68) , Thr(RD_37) „ Asp(RD_8) , 



Asn(RD_ll) , Arg(RD_31) N Val(RD_32) , Phe(RD_33) „ Ala(RD_34) N Gln(RD_35) , 
Tyr (RD_36) „ Leu (RD_38) , His (RD_42) , Glu (RD_45) £fcfi£Cys (RD_46) — COgi 



o 



SB^IJS^-: li-fS<c<DT^7^@B^J^*5V^TlS g (DSer^Trp- 
IE»-^ : 26 {^-T 0 

IB^IJ^^- : 1 ^fBic»T^y^SB^IJ^*3V ^Tl# g <£>Ser#*Thr 
IB^IJ#-^:27^-T 0 



^fLfclB^iJ^ 



IB^J#^-:l^fSicOT^^IB^IJ^*5V^Tl#g(DSer^Asp^gm$n/cIB^J^ 
: 28 l^i~ 0 

@E^J#-^-:29(^-r o 
IB^lJS^:li-fS*c(Dr^y^SB^J^fcV^Tl#g(DSer^Arg^em^^/cIB^J^r 



IB^IJS^-: l^fS<cOT^7^@B^J^*5V^Tl# g (DSer^Val^g^n/iiB^ 
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E^J#-^:31l^i- 0 
E^I#-^-:32(^-r o 

B^IJ#-^:33l^i- 0 
ia^lJ#^:l^fB^(Dr^/^ia^J{-^V^Tl#i(DSer^Gln^M^^Ba^J^ 
ia^J#-^:34(^-f- 0 

la^ijn-^: i^iaife(Dr^y^ia^j^*3v^Ti# g ^ser^Tyi— em^fcia^ 



ia^ij#^-:35^-r 0 

ia^lj#^- : 1 ^fBic»T^y^ia^lJ^*3V ^Tl# g (7)Ser/$SLeu 

ia^I#-^- : 36 j^-r 0 



ia^J#^:li-fSic<DT^y^ia^lJ^^V^Tl#g(DSer^His^gm$tL/cia^J^ 

sa^ij#-i-:37^i- 0 

ia^lJ#^:li-fB«ccDr^y^Sa^J^^V^Tl#g(DSer^Glu^gm$^cia^J^ 

@a»-^-:38^-r 0 

ia^lJ#^:l^fB^(Dr^/^ia^J{-5BV^Tl#g(DSer^Cys^g^^ia^J^ 

ia^j#-^:39(^-r 0 



[0018] (b) ia?IJ#-^:l^faftCDT5:/^ia^J(HCDRl)^V^T5#g(DTrp^ftor5:y 

^X^/^te^Pg^^ftV He (RD_9) £fc{3Val (RD_30) ^©Ift^^ 



la^ijs^-: i^faft<Dr?y^ia^ij}-*5v^T5# g ^Trp^iie^gm^nfcia^ 

ia^lJ#^:l^fBft(Dr^/^@a^J{-fcV^T5#g(DTrp^SVal^M^^Sa^J^ 

@a^ij#-^-:4i^-r 0 

[0019] (c) ia^"J#-^: 2(^fB^(DT5:/^ia^J (HCDR2) ^*5V^T1# g (DTyr/^ftilCOT^/^ 
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[0020] (d) IE?lJ#-^:2ic:!B^<DT^^BE?lJ(HCDR2) ^^oV^T8# g (OThr^frAcDTS:/^ 

IE^IJ#-^: 2(c:|S4fe(DT5/^BB^IJ{cl*3V^T8# g <DThr^Arg^gm£4%/cia^ 
BE#l#-^:43fc^-f- 0 

[0021] (e) @a^J#^:2^fEic^T5/^@E^J(HCDR2)^jyV^T9#S(7)Thr^Sftil(DT^/^ 

i-gm$^/cmiCCDR2^-rS^tHL-6^ir7°^--^L{* 0 
g^tI<^T5;/P^»ir#^PS^:$toV^^ Ser(RD_12)X«Asn(RD_61)^(Dgm^S 

0*bl\, 

@E^IJ#^-: 2^fE*c^T^y^IB^J(-^V^T9# g (DThr^Ser^gi^^/cia^ 

@a^j#-^-:44i^-r 0 

BB^J#-^:2^|a4feor^/fifeffi^lJl;:*3V^T9# g (DThr^Asn^gm^fcfE^ 
BB?IJ#-^:45^i-o 

[0022] (f) ga^lJ^-^- : 3(-taf6(DT^7^ia^J (HCDR3) (cl*5 V ^"Cl# g <DSer&4&<DT^SWt 

jg|fe&<DT^/Sfef£#i£|K^axftV^ H e (RD_2\ Val(RD_4\ Thr(RD_80)XttLe 
u (RD_5) ^(Dg^£ W^bl \ 
E^IJ#-^-: 3(c:|Bife<DT?/^gE^IJ(cl*5V^-ri# g <?5Ser*Slle^«|j|$^cE^IJS: 

@a^lJ#-^-: 3^ffif6»T^y^ia^lJ(-^V^Tl# g <DSer^Thr^gi^£;ft,/cia^J£r 
BB?lJ##:48^i-o 

IB^IJ#-^:49^i- 0 

[0023] (g) @a^lJ#^:3riE^COT^/^ia^I(HCDR3)^^oV^T2#g(DLeu^(DTS:y^ 
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WW&tDT^SmnWKm&tlfo^, Thr(RD_84)^<Dgm^r" ^LV \ 
IB^"J#-^:50^-f- o 

[0024] (h) @E^J^^:3^ffifc»T^/^gB^J(HCDR3) ^*5V^T5# g <7)Thr^COT5:/^ 

g^^(DT5:/^^#^PS^$n^V^S N Ma(RD_3)XteIle(RD_83)— <Dgm#W3: 
LV \ fiiKD^f ^LV ^gi&£LTJ3:5# g <DThrGDSer(RDC_14H)— COg^^ff 

o 

IB^iJ#-^:51i^-r o 

IB^IJ#-^: 3^fE<c»T5/^IB^J(-^V^T5# g <DThr^Ser^gi^tx/clB^ 
IB^-^:53^i- 0 

[0025] (i) gB^lJ#^:3(-taf6(DT^^IB^J(HCDR3)^feV^T7#g(DAla^ftii(DT^7^ 

^em^n/--M^cDR3^-t-5^tHL-6^-t^— m$o 

gm^»T^y^IB^IJ«#(-|3g^tL^V^^SSer(RD_81)X(iVal(PF_3H)^(DBm 

IB^J#-^:54^i" 0 

@E^IJ^^:3^fBic(Dr^/^|B^J^fcV^r7#g(DAla^SVal^gm^nfc|B^J^ 
IB?iJ#-^:55l3l^-r o 

[0026] (j) SB^"J#-^ : 3(-fE4fe(DT^y^IB^J (HCDR3) fc*3l ^T8# g (DMet^f^(DT3:/^ 

^gm$tL/--fi^CDR3^-r5^tHL-6^^f*ijL{*o 
B^^CQT5;/^IB^Jf*#^Pg^^n^V ^SLeu(PF_4H)^(Dgm^^?^LV \ 

IB^IJ#-^: 3^fagc(DT^/^|B^J^*5V^-C8# g (DMet^Leu— gm$^7cIB^IJ^r 
IB?lJ#-^:56(^-r o 
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[0027] (k) @B^IJ^^ : 3^fflgcOT5;y^Ba^J (HCDR3) ^fcV ^Tl# g OSerfc J:t^5# S <D 



o 



gM^T^^«#^|^£;Tl&V^\ l#g<DSer£rLeu^ 5# g CDThr^Ala 
i-gi^3^<^W3:LV XRD_6) 0 X, ftfe<£>£P£LlM&iJl£L"£\ l#g<£>Ser<£>Val— 
CDgfe&0«5# g (DThrcmia— (Dgj^(RDC_2H\ 1# g <DSer<£>Ile^<£>gl&&.'0 ? 5 
# g (DThr(D— AlaCDgife(RDC_3H\ 1# g (DSercDThr— CDgJfe,&0«5# g CDThrCD 
Ala— (Dgi^(RDC_4H), 1# g <DSer<DVal—CDgi^&1^5# g (DThrCDIle— COg^( 
RDC_5H\ l#g(DSer(DIle— (Dg^^I^5#g(DThr(DIle— (Dg^t(RDC_6H), 1# 
g CDSerCDThr— <7)g^^O«5# g <OThr<DIle^c£>gl&(RDC_7H\ £fcfc£l# g COSer 



<£>Leu^<Dgi&&.tJ ? 5# g COThrCOIle— <Dgi&(RDC_8H)£:#ff 5££#S"C£5 



o 



afcg&$*LfciE?iJ&IE?iJ#-J§-: 57 



o 



@a^lj#-^-: 3(^fS<c(DT^y^@E^J^*5V^TlS g (DSer^VaK^ 5# g (DThr^Ala 
l-em^n^IB^J^IEW-^: 58 ^^"To 
IE^IJ#^-: 3^fB<fe(Dr^y^ia^J^*3V^Tl# g COSer^Ilet^ 5^ g GDThr#$Ala 

SE^IJ#-^-: 3^fSic»r^y^IE^IJ(-*5V 1# g GDSer^ThH^ 5# g (DThr^Ala 

IE^IJ#^-: 3^fBic<^r^y^SE^lJ^*5V ^Tl# g (DSer^VaH^ 5# g (DThr#Slle 

^gm$n^ia^ij^iE^j#-^:6i(^-r 0 

IE^IJ#-^: 3lcl|B4feor5/^IE^IJ^*3V ^Tl# g cDSer/^Ilei^ 5# g (DThr#Slle 



o 



BE^IJ#-^: 3^fS<cOT^y^@E^IJ^*5V ^Tl# g <DSer^ThH£ N 5# g (DThrfclle 

lE^IJS^-: 3^fB^<DT?y^ia^lJ^*5V^Tl# g GDSer^Leuf^ 5# g (DThr^He 
(-gm^^fc@E^lJ^IE^J#^-: 64 ^-f 0 
[0028] (1) lE^IJ^^-: 3^fBic»r^/^gE^IJ (HCDR3) ^:JoV^T2# g CDLeu, 7# g CO Ala 
*3«fO«8# g COMet^SftilCOr^y^^gm^^M^CDR3^#-r5l5ltML-6^^ 
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W&&<DT%SWttt.1ft\Z.Jfflt%:£tltl:WK 2^ g ©Leu&Thrl^ 7# g (DAlaSrValfc 

@E^J#-^-:3^ffifc»T^/^IB^J(-^V^T2#g (DLeu^Thr^, 7# g (DAla^Val 
, 8^ g (DMet ^Leu (Cf^^lfc E^JSrBB^!l#-^ : 6 5 fc^i",, 
[0029] (m) IE?IJ#^:4^BB^<DT^/^IB?IJ(LCDR1) {3l;j3VvCl# g <DArg#Sfti(DT5:/^ 

g^(DTS:/^IB^IJf*ir#{-PS^n^V ^Sph e (RD_18)^(DRm^^f ^LV \ 

BB?iJ#-^:4{ci|a4feor^/fifeffi^Jl3:*3V^Tl# g OArg^SPhe^Blfe^^E^IJS: 
BB?!I##:66^i-o 

[0030] (n) IE^J#^:4(^fSgc<DT^/^@a^J(LCDRl)^joV^T4#g(7)Gln«^r^y^ 

Ba^J##:4^|B4feOT^/Sftffi^>J^*5V^T4# g (DGln^Arg^gg^tL/cSB^ 
IB^iJ#-^:67^-r o 

SE»^-:4^fBic(Dr^/^ia^J^*5V^-C4# g (DGln^SThr^gljl^tL/ciB^JSr 
IB^"J#-^:68^i- 0 

[0031] (o) IB?IJ#-^:4^fS^<Dr^/^IB^J(LCDRl){3:*5V^T9#g(DTyr^(Dr^/^ 

MM^T^fifefS^fcRK^axftV ^Sph e (RD_73)^(Dgm^ s 0^LV \ 
SE^IJ^^-:4^fBic(Dr^/^ia^J^*5V^-C9# g (DTyr^Sphe(-gm$n/-'IB^J^ 
IB?iJ#-^:69^-T 0 

[0032] (p) gB^J#-^:4^fB^<DT3:/^IB^J(LCDRl)^*5V^-Cll#g(DAsn^f^(Dr3:y 
^^gm^^SIICDRl^-r5^LtHL-6H?^— #l{* 0 
B^^(DT^/^IB^Jf*#}-PI^n^V^SSeKRD_27)-^(De^W^bV\ 

£rIB?iJ#-^:70^-r o 
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[0033] (q) ia?IJ#-*§- : 5t£fB*fe<E>r^/B&BB#l (LCDR2) fc&V ^T2# g c7)Thr/$SfiJl<7)T5/gE 
g^(DT5;/^ia^J{*ir#(-PS^n^V ^Gly— ^LV \ 

6B#I#-J§-: 5^|B4feor^/fifeffi^"Jl;:*3V^T2# g (DThr/^Gly^g|&£;h^IB?iJ£: 
[0034] (r) SE^IJ#-^- : 6^|BS^>T5:/^|E^J (LCDR3) fc4ol> ^Tl# g <DGln#Sf-&<DT3:/^ 

gi^^COTS:/^IB^IJf*ir#{-PS^n^V^SGly(RD_28) > Asn(RD_29)^{iSer(R 
DC_15L)— (Dg^W^bV \ 

BB^IJ#-^:6(3l|B4fe(DT^/^gE^J(J:*5V^-Cl# g (DGln^Gly^glfe^/cia^J^ 
IB^lJ#-^:72^-r o 

@B^J#^:6^fSgc»T^y^ia^J(-^V^Tl#g<DGln^Asn^gm$^/cIB^J^ 
BE^lJ#-^:73icl^i- 0 

IB^J#^:6{-fB«(Dr^/^ia^J^^V^Tl#g(DGln^Ser^g^n^IB^J^ 
IB^IJ^:74^-f 0 

[0035] (s) @B^J#^:6^fEii(DT^/^@a^J(-feV^T3#g(DGly^ftii(DT^y^{-gm^ 

@B^J#-^-:6^fE<c»T^/@tIB^J(-^V^T3# g <DGly^Ser^g$|£4^/cia^J£r 
IB?lJ#-^:75(^i- 0 

[0036] (t) SB^IJ#-^:4^fEik(DT^^IB^j(LCDRl) ^*5V>T9# g <DTyr^f&<DT^/^ 
(-gm^fcigflCDRU ^^oIB^J#^-:6^faic»r^/^gB^IJ(LCDR3) fcjoV^T 

Rl)(cl*3{tS9#g(DTyrfiPhe(cl«m^tL5r<tW*b<, IB^JS^: 6^fE*c<DT 
^/r^lB^IJ (LCDR3) ^*3tt53# g (DGly«Ser^gm^^5^^^ s 0^bV ^(RD_72) 0 
[0037] (u) IB^IJ#^§- : 6(^fSi4(DT^y^gB^J (LCDR3) {!1;}31 ^T5# g <£>Thr/&Sft&<£>T?/^ 
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o 

BB^J#-^:77l^-f- 0 

[0038] (v) m$m^-: 6^fEic^T5/^@B^J (LCDR3) fclfcl >T1# g ©Glnfe «tt^5# g <D 

gi&S.OW g <7)ThrCOArg^(7)g^#if 5r^^S-C^5(RDC_llL) 0 
@B^lJ#-^-:6^fBttCOT5;/^iH^J^*5V^Tl#gCOGln^Gly^ % 5#gCQThr^Se 

@E^J^^-:6^fBic(DT^/^|B^IJ^fcV^-Cl#g(DGln^Gly^, 5^ g (DThr^Ar 

[0039] (w) WM^^:2.\Z.WM(DT%/MWM (HCDR2) ^:joV^T9# g (DThr^ftjKDT^y^ 
^Sm^tL/ifi^CDR2, |E^J#-^:3^fStt»T5/^IB?lJ(HCDR3) (^fcV^Tl^ 
g (DSer&£U5^f g (DThr^^iil(Dr^y^^gi^^n^fi0CDR3^tf^IL-6^-t 

BB^IJ#-^: 2(c:|S<fe<DT5/^BB^IJ(HCDR2)(cl*3tt59# g (DThr«Asn^g^$tl> 

g <DSer:fc5<}:TJ i 5# g OThrCOgii : ^(DT5:/^O0^bV^J.^^^^:^bT > LeufcJ; 

tMla(RDC_27H\ Valjo J;!^ Ala(RD C_28H) N Ile:}o J;tMla(RDC_30HX Thr&5j;lMla( 

RDC.4H), ValjoJ:t) $ Ile(RDC_29H), He :}o J;IMe(RDC_32HX Thr;}oJ;Uqie(RDC_7H) 
, Leu*5j;D ? Ile(RDC_8H)^ifSr^^S-e^5 o 

[0040] (x) (k)^fEic(DM^CDR3^^-f-5^I^M^*5J;t>Xv)^faic»^|iCDR3^W-r5 
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[0041] ^^te^K<^±i£(7Xa)~(y)(^ 

SlgljlSrg-tPtri^^^So £fc#^0#t#fcE\ Ji^(a)~(y)<^T*l^ 

[0042] ^.fc^mm<D#imai, -^^mx^^fhtzMr^^^^— cdr^, twbPM-i 

^^i^^M^^^fciijr^^^^— CDR^tMbPM-i^f*j^^(D7u— Ay 

tfLfc$:UZ)fcfrlZ.7U— A>7— ^#i^M# s ^A(0!Jxr3\ Curr Opin Biotechnol. 
1994 Aug;5(4):428-33#$0 $tb/c^t^ N tu<DT^4^4^ <£>tftffc£:#5 

TcmZ-CDR^^Km^mAim^, US2006/0122377#BSJ^^L/c^{W'am 

'a^ o 

[0043] ^^SKl^V^Tfi, _LxEO(a)~(y)C0V^T^^-IEft(DT^/^g^fi;, tMbPM- 

MhL-X^9jjX3bZ> 0 
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[oo45] <^^mm^m^fc^m 

fi, It, £M£kWT, 37°CiZ.m^XM^frl&T7^T4—mnMUT<Dtfii£X 
fc^ ^L<ttT^^^— ^o.lnM^T^f^-efe^, $P?^^L<fiT7^^ 

fflV^f'Biacore(BIACORE)^^ c fc'9SiJ^-r5r^^S^It^-C$)5 0 
[0046] <CDRgfi^lJ(7)^j)$J©t4y^^^ffiT^ii:^^{*> 

[0047] *^gp^(ifei{*»T^y^ia^J, #i-cDRia^Jfp(DT^y^ffii(DT^y^(-mm-^ 
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-6H?^^-Sft»t5 0 gm^^>T^/^@E^I«#^PK^tb^V^ > Gly^ 
<£>g|&&S£f*Ll\, lB^IJ#^-:5^fSgc(Dr^y^@E^Ji-*5V^T2#g(DThr^Gly^ 

[0048] <H53/L28(DFRjoJ;D $ CDR> 

^r#f*-t"5 0 ftffcftjia*. Kabat^-^/^U^XKabat EA et al., 1991 Sequences of Pr 
oteins of Immunological Interest. NIH)(^joV^T, th{liPM-l<7)H13 (gE^IJ#-^-: 7(D1 
3# g ©r^i) , H16 (|E^J#-^ : 7<D1 6# g <DT5;/^) , H43 (SE^lJ#-^§- : 8(D8# 
g , H81 (SE^IJ#^-: 9(7)1 6# g (DT^yW) ^ H105 (IE^IJ#^: 10<7)3# 

g ©n/t) , L18 (@E^IJ#-^- : 1 1<D18# g WT^i) , L45 (IB^IJ#-^: 12<D1 1# 
g (DT^/m) > L79 (@E^lJ#-5§- : 13<Z>23# g ©T^t) , L107 (SE^lJ#-5§- : 14(7)10 
# g <7)T^/^) , H31 (IE^Ij#^- : 1(D1# g , L24 (@E^J#^ : 4(D1# g 

©7^t) & J;t>V^/c{iL53 (SE^IJ#-^- : 5<D4# g ©7^/i) ^S^ig-p^- 
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tp<DH27 (iE^IJ#-i-: 7<D27# g , H28 (K?IJ#-J§- : 7(7)28# g ©7^i 

) , H29 (SE^J#^ : 7(D29# g ©7Vt) , H30 (@E^lJ#-5§- : 7(7>30# g ©7^t) 
*5j:OT71^^7^IE^IJ^^(7)^^IJffl$nTV^c HFRH^0|bTfiH13, H16, H2 

^(DKabar^^y^^&l^T, H69 (gE^IJ#^§- : 9<734# g <DT5:/Bt)CDMet#^Ile 
^(DWM (ifok^TfH &<D&fe4 fc) , H70 (IE^IJ#-^ : 9<D5# g ©7^t) (DLeu^ 
^Ser^(7)Sm (^®St ffl^Ktf^TKftO > H58 (SE^IJ^^ : 2(D9# g COT 
hr^Asn-^Ofiife ( J&0CDR2GQ=^i?^f-;*@E^IJ^ COgfe^) „ H65 (@E^IJ#-^- : 2(7) 
16# g ©7^t) (DSer^bGly^GD®^ ( <8 ^—^fl^^cDGly^cDg^ J[0CD 
R2(D3^^^^@E^IJ^(DBfe^) , ^cf^L93 (@E^IJ#^-: 6<D5# g (DT5/p^) (DThr 

5 0 ^fd, _hx&(7)LCDR2(Ba^lJ#-^:5)<D2#g't?fe5L51(^Thr^:Gly^tt^i-5r^ 
[0050] -(D X.0^m^mt\^X , TfB(D~(37)(DV^^^CfSife(Dfe ! Lf*^^ t f^^ 

o 

( 1 ) lE^IJS^" : 7 \ZMWL(DT^/mMm \Z.-$6\ ^X 1 3# g (DArg^f&tDT^/^g^ 
$ Hfc FR 1 5 Mil RT^^^c^ tP fexf^o 
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(2) IB^IJ^^- : 7 {-fSiccDr ^7 ^IB^IJ fc&l 1 6# g <DGln^fe(DT^/^g|& 
^IS^iJ#-^:81(^-r o 

(3) @E^IJ#^:7(3:HEft(Dr^/^gB^J{3:^V^T23#g(DThr^(Dr^/^{-m^ : 

£ ^fc FR 1 MII^M^'a £p£if£o 

g^(DT3;/^IB^J{*#{-PS^n^V ^Ala— cDgl^W^Ll \ 
IS^lJ#^-: 7^fS*c»T^y^IB^J(-^V^T23# g (DThr^Ala^gl&^fclB^J 
?rIE^J#-^:82{^-r o 

(4) 1B^IJ#^- : 7 ^fSiccDT ^7 ^IB^IJ f-fcl ^T30# g <DThr&fla l <DT^SmiZ.W& 

MZtm^r: 7(-|B^<Dr^/glBE^J^*5V^T30# g (DThr^Ser— g$|£^/cIE^J 
trIB^J#-^:83(^-r o 

(5) IB^J#^-:7^fBic(^r^y^IE^J^*5V^T13#g(DArg, 16#g»Gln, 23# 
g <DThr:fc5<}:t)*30# g (DThr>05f^cOT5;/^^g^$^FRl^W-rSM^BX^'BB^ 

WWlk<^T^/mnm^&j£^n^^K lS^gcDArgfiLys, 16#g(DGln»Glu 
, 23# g (DThrflAla, 30# g (DThrfiSer— GDg|fe^£f^U/ \ 

SB^IJ#-^: 7{-|B^(Dr5:/^IE^J^*5V^T13# g (DArg^Lys, 16# g <£>Gln#SG 
lu, 23^ g (DThr^Ala, 30# g cDThr^Ser^g^£;^/c@E^J£:IB^I]#^§-: 84f^c 

-To 

(6) BE?lJ#-*§- : 8 ^fStt^r ^y^SE^lJ vC8# g (DArg^^(Dr5:/^^gm$ 
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@E^I#-^-:85^-r o 

(8) @B^#^:9^fEic(DT^7^IBM(-^V^T5#g(DLeu^f t j 1 (DT^y^(-gm$ 
@H»-^:87{^-r o 

(9) SE^lJ#^:9{-fEi6(DT^7^iaM(-^V^T16#g(DArg^f t ji(DT^y^(-gm 
g^COT^/^«#}^Pg^^V^Lys^(Dg^^bV\ 

ie^ijs^-: 9^tsic»r^y^ia^j^*3v^-ci6^ g coArg/^Lys— gm^nfcga^ij 

^r@a^J#-^-:88i^-^ 0 

(10) @a^lJ#^:9^fE<c(DT^7^ia^J(-^V^T27#g(DVal^ftli(^r^y^^gm 

g^cr>T^/^IE^J«#l-PS^$tb^V ^SAla^(Dgm^^?*LV \ 
la^lJS^-: 9^faft<DT?y^iH^IJ}-*5V^T27# g (DVaWSAla— gm^n/cia^lj 
£ria^J#-5§-:89^-r o 

(11) ga^lj^^" : 9^fBfc (HFR3) <DT ^/^E^J^^l ^T4# g (DMet, 5# g CO Leu 
, 16# g <DArg£5j;U«27# g (DVal^f-tfccOT5:/p^^g^$^/c:FR3^r#-r5M^ "1 

g^^GOT5;7^(i#^PS^$^^V 4$ g cDMetttlle, 5# g <DLeuJ3Ser\ 1 
6# g (DArgfiLys, 27# g <DVal{3:Ala^CQg£&#Wi:LV \ 
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BE?'J#-^: 9t£fES<Z)T?/^gE#Ifc:fcSV ^T4# g <£>Met#Slle s 5# g <£>LeuflSSei\ 
16# g (DArg^Lys, 27# g (TWal^Ala^g^^fclB^J^IB^S^: 90l^i~ o 

(12) IE?lJ#-§- : 1 0 t^fEgc (HFR4) COT 5/ ^IB^IJ fc&l 3# g OGln^frAcDT^/ 

SB^IJ#-^: 10^fB^(DT^/^IE^J^*5V^T3# g (DGln^Glu^gm^/cIB^J 

(13) ga^lj#-^- : 1 1 i-fSic (LFR1 ) <DT^/Wt^\ ^*3V 1 8# g <DArg#$tt(DT^y 

^^gm^nfcFRl^r^r-rS^Bl^M^'a-tP^L^c 

@B?IJ#-^: H^fB^OT^/^iH^Jl-*5V^T18# g cDArg^Ser^gm^/ilB^IJ 
£rIB?IJ#-^:92{^1- 0 

(14) SB^IJ^-^ : 1 2^fSft (LFR2) (DT^Sf&WM f-^V ^1 1^ g (DLys&m<DT^/ 

@B^IJ#^: 12^fBii(DT^7^@B^J(-feV^-Cll# g (DLys^Glu^gm^^/cIB 
M^ia^J#-^:93^^-t- 0 

(15) iE^IJ##:13^faft<DT^^iE^IJ}c:*5V^'r23#g(DGln^(7)T?ySI(clB 

m$^/cFR3^4f-r5«^"^Ml^-atpfelf*o 
gm^»r^/^tt#^Pg^toV^ N Glu^cDgm«3;GV\ 

gB?lJ#^: 13^HB^<DT^/^fB?"Ji-:£l^T23# g (DGln^Glu— gm^/cIB 
^IJ^IB^IJ^^- : 94^^-T 0 

( 1 6) IB^IJ^^- : 1 3 ^fSft^T ^y^IB^IJ fciS V ^T24# g (DPro^SftjKDT^/^i-g 
m$^/cFR3^^"-r5M^"^«^tf^Lf*o 

lE^lJ*-^: 13^fB^(Dr^/^ia^Jl-*5V^T24# g (DPro^Ala^gm^/cIB^lJ 
^IEM#-^-:95(^-r o 

( 1 7) IB^Ij^^ : 13^fB^COTS:/^IB^J{-*5V ^T27# g WIle^ftoT^/gH-g 
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@B?IJ#-^: 13^fEft<DT^/^IB^j{OoV^-C27# g (Dlle^ Ala^W^th TcM^l 

(18) gH^IJ#-^-: 13^fB|fe(LFR3) CDT^/^SE^J^fcV ^X23^ g CDGlru 24# g CO 

Blfe^(7)T^/^fi#(J:PS^$^V^S s 23# g (DGlnfMu, 24# g CDProfiAla 

N 27#gCOIle«Ala^COgm^0^U\ 

SE^IJ^^I-: 13^fefcCDT^/^|E^lj^£5l^~C23# g (DGln^Glu, 24# g <DPro& 
Ala, 27# g (DIle^Ala^gm£tL/c|E^lJ£:IB^j#^: 97^i" 0 

(19) IE^IJ#^:14^fSic(LFR4)(DT^y^IE^Ji-^V^T10#g(DLys^tk(DT^y 

(20) IE?IJS^: 10^fB<c(HFR4) <7)T^yptIE^J^^V^T5^ g (DSer^f^(Dr^/ 

^^mm^^FR4^r^-r5fili"^«^-atffex#:o 

E^IJ#-^-: 10^fBtt6OT^/^|E^Jt-*5V^T5S g COSer^Thr^gm^f'SE^IJ 
?rIB^J#-^:132{^-r o 

(21) gE^IJ#-^-: 10^faft(HFR4)<DT^/^BH^J(-*5V^T3# g (DG\n&£X$5^F g 

(^Ser^Sfii 1 (DT^/^^gm^^FR4^4f^5fi^^^M^^£f^{*o 
g^tICOr^/^«#(-Pg^n^V^ N S^gCOGln^Glu, 5# g (DSerf^Thr^ 

iB^J#-^:10^fB^6OT3:/^IE^J^*5V^T3#g(DGln^Glu^, 5#g(DSer^T 
hr--gm^nf'gE^J^SE»^-: 133^^-f 0 

(22) (5), (6), (ll)*5j:t^(21)^fBScOT^/^gm^f^^MbPM-lM^ 
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(23) (i3), (i4), a8)&£zjt(i9)iz.mm^7^jmw^&ftt>frhfcWkPM-m 

(24) (22) \^m<Dmm^^mm&£Tf(23) ^mm^m^s^m^^^Wo 

(25) IB^IJ#-^:l^|Bft(HCDRl)C0T5:/^ia^J^*5V^Tl#SC0Ser^ftfc(7)T5;/ 

BH^IJ#-i-: l^|Bife(Dr^y^ia^J^*3V^Tl# g (^Ser^Asp^Bm^fcia^ 
ia^lJ#^-:28i^-T 0 

(26) ia?IJ#-S§- : 2(^fE<c(DT^y^ia^J(-^V ^Tl 6§ g <DSer^ftfe<DT^/^gi& 

bh^ij#-§-: 2^fatt(Dr^y^ia^ij^*3v^Ti6# g »ser^s G i y ^sm^^/cia^j 
^ia^ij#-^-:99^i- 0 

(27) ga^lJ^^I- : 2^fBfc (HCDR2) (DT^/Stia^JS^l ^~C9^ g <Z)Thr 33 <OT16^ 

g(DSer^Sfiii^r^/^^gm^tb/cCDR2^W-^5M0^^f^^tffei{*o 
g|^^(7)r^y^{i#^Pte^n^V^S > 9# g (DThrfiAsn, 16# g (DSerfiGly 

ia^lj#^-: 2^fBic<^r^y^Sa^lJ^*5V^T9# g (DThr^Asn, 16# g (DSer^Gly 

^gm$n^ia^j^r@a^j#-^-: ioo(^-r 0 

(28) ia^lJ#-5§- : 4^fSi6 (LCDR1) (DT^/tE^J^fcl ^Tl# g <DArg^f&<DT^/ 
^^gm^nfcCDRl^WrS^Bl^M^'a-tf^L^c 

ia^lJ#^-:4^fBic<^r^y^Sa^J^*5V^Tl# g (DArg^Gln^gil^/cSa^J^ 

@a^ij#-^-:ioi^-r 0 

(29) ia^"J#-^: 5^fBSWT^/^ia^Jl-*5V^T4# g <DArgfrm<DT^SmiZ.W& 
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ia^ijs-^-:i02(^-r o 

(30) IB^Ij#^ : 5^fflic (LCDR2) ©7 5:/^IB^J(-*5V ^T2# g (DThr*5 <tt>M# g 
WWlk^T^/mnW^m&n^^K 2# g (DThrfiGly, 4# g <DArgf±Glu^ 
SE^IJ^^-: 5^faic(7)r^/^ia^J^*5V^-C2# g (DThr^Gly, 4# g (DArg^Glu 

(31) 1B^IJ#^- : 6 ^fSic (LCDR3) cDT^^IE^lJ t-^V ^T5# g (DThr^SftfatDT^/ 

(32) (25)fc<mX27)^fEiK<DT^^gm3W^ 

(33) (28), (30)fcJ;t>X31)(^fa*<Dr^/^Bm^iT^^ii^»^^- 

(34) (32)(-fBic»M#I^M^ (33) ^fB^(Z)^0 Bl^M^^tffet#: o 

(35) IB^IJ#^:104^fBft(H53/L28(DVH)(Dr^y^ia^J^-r5m^^|g^ 

(36) ga^lJ#^: 105^faic(H53/L28(DVL) (DT^/^IB^IJ^-rS^il^lS^ 

(37) (35)^fE«(DM^^^^J:m36)^fEtt(D^Bl^^^--r5fei#: o 
[0051] _h3£(D (1) ~ (37) GDI ^T^^-fB^fDT^/^gi^fStMbPM-l^L^^^bTtf 

^5i^^W^bV\ «Kf^>^K^±i£<D (1) ~ (37) (DV^-f ^^^fEic(DT 

fl, ±^<D(l)~(37)(DV^-f^^-fSi6(DT^7^em(^P^> _h3£<D (1) ~ (37) 

j^gd (i) ~ (37) cov ^n$^mm<vT^ymu&^wtm.^fr£nfctfi 
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#tfb*l5 0 gmtl^T^^fW^Pg^toV^^^ 15#BWLys«Gln^, 16# 
g (DLys^Glnf^ 16# i (DSer^Asp^g^^|E^I^IB^J#-^: 121i^i" 0 X 
=tV\ ia^lJ#-^:100<DT^y^ia^lJ^*3V^T, 15#g<DLys^Gln^, 16^g(DGly 
fcttSB^Ij#^100(DT^/^ia^j^l^~C15# g <7)LysS3«J;t5/*fcfil6# g <7)S 

t, 4#g(7)Gln^Glu^em^^/cT^/^|B^J^gB^IJ#^-: 123(^-f 0 X, ^COT 

101<DT%St^&\\Ztt\sXfft>tlTb£\\ @B^IJ#-^-: 101 
<DT%SW®IM\Z.&\,^X4%* g »Gln^SGlu^gm$n/'-r^y^ia^J^IB^JS^-: 12 
4l^i- 0 fot, ^P^»IB^J#-^:4^^IB^JS-^101<7)T^/^IB^I^*5V^ 
T4# g <^Gln^5^(^T^/^(^gi^$tt/cCDRl^i-5K^ Br^^B^^tP^L#: 

#^pg^4%^v^Giu^(Dgmw^bv\ iB^J#^:5^fais»r^y^iB^j^ 
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-.i26K^-t 0 tot, ^mmnm^m^:5^.fcnm^m^-:io3(DT^ym^\K 

ig^^afcfeLT, 27#g (Kabat^-^^y^^H89)cOAla^rVaH31gi^-t-53Sc^ 

Val^gife$nfc:r5:/^ia^J^IS^J#-^:127{^-r o lot, ^mmnm^m^--. 

90(DT5;y^ia^li^*5V^T27# g (DAla^5Val(ciei^^ttfcFR3^r^ri-5M0 

»i— ^#i~5^"^^IB^lJTfe56# g (Kabat^-^^y^H71)CDArg^Mb-C, H71 
^Arg-C##^tL-CV^tbVHl^>^(Sa^J# : ^-:128) > fe5V^«, fcbVH31^ 
^7^(@a^lJ#-^-:129)(Dth@a^lJ^FR3ia^lJ^LTfflV^r^-e > 

Sa^J#^-:10^fBic»M$lFR4(Dr^/^ga^J^*3V^-C > gc^tt^-h^ 
iirSBicfeLT, 5#g (Kabat^-^^U^H107) <DSer^rIle(clfi4Sli-SBfe^Sr#ff 5 
r£#S-C£5 0 ga^J^-^-: 10^fatt(DT^/^ia^J^*5V^-C5# g <£>Ser#SH e fcgg|$ 

T^ym^\i^MLxn^thXh^\ ia^j#-^-:9i{-fB4fe<7)T^y^sa^j^*5v^T 

{±Sa^lJ#^:10^/c{iia^lJ#^:91(DT^y^Sa^J(-*DV^T5#g(7)Ser^Ile^gm 
^O^fj:T^ymW^nWtPM-mi¥, H53/L28 (ia^"I#-^ : 104C0M^bT^^B 
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CO (1) ~ (37) ^fB*fe(Dr^/^em*3=ttJ«/^ttii3zE» (1) ~ (37) £k9Y<DT^J 

ttt^tf^M^t^o _h^o (i) ~ (37) ^fa«<oT^/^gmj^<or^y 

[0052] <^MM><Di&\, ^tML-6Vt^^ft> 

(Dm ^m*iai±Mttfo(Dmwmm&<Dm ^m^^^i^m^ (vh/vd ©i 

(Djjmz.£ v )W-Bi-$-&^b&~f*Sfl&X°&> v ), M?tt£, GENETYX(GENETYX CORPORA 
TION)^»y^ h^rffl V ^ £ bT^^^COVH jo <tt)«VL(Da^^tt^Sr# t+J-f 
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[0053] <Si^^i-*5V^^^45xtHL-6^i?7 0 ^— fciflO 

fo<D&ty\ZLM1R&tltd&Wt&2kWr(fflx.t£^ 20mM histidine-HCl, 150mM NaCl) \Z 

^yrxioo)<Dit^p^o.3%^T, 0*b<fio.2%j^T> ^^^0^l<«o.i%j^T"C 

M&fif* 200mg/mL^300mg/mL^^-efco-CfcJ:V\ 
[0054] ^Kte^fc, ±^<^(l)~(37)©V^^^IBife<DT^/SI*lfe* s fTfc>^cth 

<£TJWJ#-*§-: 23^fS«c(PFl_L) <DT5/HE^JS:Wi"Si|S^ W^^fclr^rrStn; 
# (PF1) *5#ff b*L5tfS % iftfcRBJ££;ftftl \ 
[0055] £&iZl#^fcmT^#WCA)~(I)^^ 

(A) E^lJ#-^-:165(cl|Hife(DT57^iE^J(VH5-M83(DCDRl)$r^ri-5CDRU @E^IJ 

166^fSft(Dr^y^|B^IJ(VH5-M83(7)CDR2)^4^-t-5CDR2 > la^lJS^: 16 

7^fBgc^T^/^@a^lJ(VH5-M83»CDR3)^4f-^5CDR3^4f-^5fi^^I^ffi^> 

(B) IB^lJ#-^-:101(-fE<c(DT^y^ia^J(VL5(DCDRl)^r4f^CDRU IB^lJ#^-: 

168^fBgc(DT^7^ia^J(VL5(DCDR2)^4f-f 5CDR2, ga^g^: 79^fagc»T^ 
y^IB^lJ(VL5(DCDR3)^r4f^5CDR3^4t-r5^0^j^ffi^, 

(D) gB^lJ#^-:169^fEic(7)T^y^@a^J(VH3-M73(DCDRl)^-r5CDRl, gB^IJ 
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170{^fBtt(75T5:y^Sa^lJ(VH3-M73(7)CDR2)^^r-f-5CDR2 > gB^iJ#^: 17 
1 ^faic»r^/^gB^IJ(VH3-M73(DCDR3) SrWi"5CDR3Sr^ri-5M^ RTgEig#U 

(E) gB?lJ#-^:172l31fStt(Dr5y^IB^J(VL3(DCDRl)^-f-5CDRU IB^lJ#-^: 
1 73fcfB4ft<Pr^/ifeffi#l(VL3<E>CDR2) £r4r^5CDR2 N |B^J#-^ : 79^f2gc<Z)T^ 
/^IB^J(VL3(DCDR3)^W-r5CDR3^-r5®0Bl^M^, 

(F) (D)(DSiI^^i^^J;mE)(DM^^Mi^^^i-5^^^f*> 

(G) @B^IJ#^-:169!-f2ft(Dr^/^ia^J(VH4-M73(7)CDRl)^-t-5CDRU IB^J 
#■§-: 174{CfBi6(DT^y^IB^IJ(VH4-M73(DCDR2)^r^-^5CDR2 > BE?IJ#-§-: 17 
1 ^fBic<DT^y^gB^J(VH4-M73(7)CDR3) %^1r%CDRZ^1rZ>W&v\&W$i.. 

(H) gB^lJ#-^-:175(-fE<c(DT^y^ga^J(VLl(DCDRl)^-r5CDRU IB^IJ#^-: 
173^fBii(DT^/^gB^J(VLl(DCDR2)^W-^5CDR2, gB^lj#-^: 79fcfBtt»T 
^y^ga^J(VLl(DCDR3)^W"r5CDR3^W^5KiC"f5I^IS^, 

[0056] $b^^0^«^T^(a)~(q)V^T^^-ta«(D^IL-6S^#:fel#:^^-r5c 

(a) iE3W§-: 159^fB«CDT5:/^gB^J(H96-IgGl Rl^|B^)^i-5M0Rl^ia 

(b) gB^J#^-:159^fS<c»T^y^IB^J(H96-IgGl^^gi^)^fcV^-C, 35# g <D 
Trp s 51# g (DTyr\ 63# g (DSer, 65# g OLys, 66# g (DGly, 99# g <DVal s 103# 
g(DIle, 108#g<DTyi\ lll#g<DGlu, 1 13# g <DThr<7)9*>^^<^ 10©n;i 
^Sf^(^T^/^^g^$^7cT^/^gB^IJ^W-r5S®Bl^M^^tffel^, 

(c) gB^J#-^-:159(-faicOr^y^IB^J(H96-IgGl^Mi^){-fcV^T, 65#gcD 
Lys, 66# g (DGly, 99# g (DVaU 103# g <DIle, 1 1 1# g (DGlu, 1 13# g (DThr^ftil 

(d) gB^iJ#-^:159^fBic^T5:/^iB^J(H96-IgGl bT^|S^)^*5V^T, 35#g (D 
Trp, 5l# g <DTyr\ 63# g (DSer, 65# g (DLys, 66# g <DGly, 99# g GQVaU 103# 
g (Dlle, 108# g <DTyr&m<DT^Smzm&£tltz.T^yWtW.&\&ft^&MM^& 

(e) gB^IJ#^: 160^faic(7)r^y^gB^J(F2H-IgGm^M^)^^5SiinJ^IS 
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(g) iB^IS-i-:23{2:|Stt<DT^y^ia^J(PFlL)(cl*3V^T27#S(DGln^.'a« / /X(i55 
(j) gE^lJS^-: 176^fSic^T^/^IB^J (VH3-M73^I^|S^) ^^5^^"^^ 

(k) u^m^-. ns\z.^M<DT^mi.n (VH4-M73 »smnw &^~t&Mm^i^ 

(1) IB^IJS^-: 177^fS*c^T^/^ia^J(VL3-kappa^^f«)^^^g$|t bJ^ 
(m) gE^IJ^^-: 179^faft(7)r^y^|E^J(VLl-kappa^T^M^)^#-t - 5S^^I^ 
(n) (e)(Dli^iI«i(h)©gI^fimtfftf$, 

(o) (f)(Dm^^^M^^(i)»^^^^M^^£?^l*(FV5-M83(Z)^^M^la^ 

(p) (])(Dmm.^s^w^H\)(Dmm^^w^^^^i^ (fv4-m73<d -^rnrn^rn.^ 

(q) (k)(Dm0^^M^^(m)(7)^0^^M^^tpfei#:(FV3-M73(DBl^M«*l^ 

[0057] _h^©(a)~(d)(DS0^T^M^^r^y^mm^*5v^, gm^r^/g?fi#^ 

RB^fr&V 35# i (DTrpfiVaL 51# g (DTyrfiPhe, 63# g (DSerfiThr, 65^ 
g (DLysf^Gln, 66# g (DGlyttAsp, 99# g (DValttLeu, 103# g (DIlefiAla, 108# 
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g (DTyrfiVaU 1 1 1# g GOGlufiGln, 1 13# g <DThH3lle^g^£;ax5~ ^ 

[0058] ^P^(Dfetft:co^^f«^Pte$nT, ^nfpr^S^^^v^ttT^J: 

V\ M^L«\ IgGU IgG2, IgG4ft^©^BB#I&^5^SM#K\ 5*cl&IE?iJ£r4? 

(1) be?ij##: i34^fBtt»r^y^ia^j(H96-i g Gi)^4f -rsmtl^ra-t^^ 

(2) IE^IJ#-^: 135(-ffift(Dr^y||tIB^J(F2H-IgGl)^4f tSl^^tffeift, 

(3) IB^IJ^^: 137^fB«(7)r^y^@B^J(VH5-IgGl)^4t^5m^^t?ijLf*> 

(5) IB^JS-^-: 136^fHacOT5/^IB^J(L39)^-r5^^tf^L#:, 

(6) BE?iJ#-§- : 1 38 ^tatt(DT ^y^IB^iJ(VL5-kappa)^#-rS^^^tf fet#:> 

(7) iB^J#^:18O^fH«c^r^/^IB?iJ(VH3-M73)^i"5m0^tffei#:, 

(8) BH^IJ#-^: 182^ffitt(7)r^y^@B^J(VH4-M73)^W-r5Mfe^tffe ! Lf*^ 

(9) @fi^lJ#-5§- : 1 8 1 (clfBttOT ^7 ^SB^IJ (VL3-kappa) 

(10) IB^IJS^: 183^fSft»T^y^gB^J(VLl-kappa)^^5K#I^tpfeif*, 

(11) (2)©Iii(5)©gi^ffK#, 

(12) (3)©iiH6)©gi^tf^ft, 

(13) (4)(DM^^(6)(D^^^tffei{$(FV5-M83) N 

(14) (7)(Dm§it(9)(Dm$i&^fctfiMFV4-M73), 

(15) (8)(7)M^Wl0)(D^^^tf^{$(FV3-M73), 

(16) a)~a5)\,^irnfrfcmm<Dffii£b^m<Di£&&^zfoi£ 0 
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&<> Mx.^50%^_h(Dfgtt> #*L<fi70%^_L<Di£t£, $b(-0^b<«9O%^_b(D 

[0059] «l^{i^T»(i)~(xxii)V^^^^fSft(DCDR^«FR^^-r5o 
(0 IE?lJ#-§-: 84^fSic<DT^/^IB^J^^5m^FRl (VH5(7)MfCFRl) , 

(ii) BE?IJ#-5§-: 186^fS<c<7)r^y^IB^J^#-r5m^FRl (VH3, VH4(7)Mf(FRl) 

(iii) IB^J#-^:85^fBS<Dr^/^ia^J^W^MIiFR2(VH3, VH4 N 
FR2K 

(iv) m^m^r: 184^faic(DT^/^IB^J^4f ^5Mf(FR3 (VH3, VH4, VH5(Dm 
iCFR3) , 

(v) gE^IJS-i-: 133^fSic«r^y^IE^IJ^W-^5M^FR4(VH3 > VH4 > VH5«M 
#|FR4) , 

(vi) SE^J^^I-: 92^fBft(DT^/^|B^J^^-r5eilFRl (VLU VL3, VL50glF 
RlK 

(vii) ia^lJS^-:93^faic»r^y^gE^J^W-r5^®FR2(VLU VL3, VL5<D^|g 
FR2) > 

(viii) ia^lJ#-i-:97(cl|E4fe^T^^IB^J^i-5S^FR3(VLU VL3, VL5»M 
FR3), 

(ix) @E^IJ#^-: 98^fEi6(DT^7^IE^J^T4f ^6KilFR4(VLU VL3, VL5(Dsg|!F 
R4), 

(x) gH^IJS-i-: 169(-fflic«T^y^IE^J^rW-^6M^CDRl (VH3, VH4(DMftCD 
RlK 

(xi) M^m^-: 165^SEtt<^T^/^IE^J^^5li§ICDRl (VH5(DJl§!CDR1) , 

(xii) lE^lJS^-: 170^fSic<DT^y^IE^J^-r5m^CDR2(VH3(Dfi^CDR2) N 

(xiii) |E^IJ#^-: 174^fSic<7)r^y^IE^J^^"-t-5M0CDR2(VH4(Dm^CDR2) 
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(xiv) gE^'J#^: 166^fflgcOT^yg^Sa^J^^^5mi^CDR2(VH5(Dm|gCDR2) 

(xv) IB»^-:171^fSic<DT^y^IB^J^'r5m^CDR3(VH3 > VH4<£>Mg(C 
DR3), 

(xvi) mtm^: 167^fBftC0T^/^IE^J^#-r5m^CDR3(VH5(7)m®CDR3) 

(xvii) 175^fB^T5y^iH^IJ^-r6^®CDRl (VLKDgiCDRl) 

(xviii) |E?IJ#-^: 172(3l|Eft(Dr3:y^IB^J^^r-f-5S^CDRl (VL3(DeiICDRl) 

(xix) BB?lJ#-§-: 101i-fB^(Dr^/^IB^J^-r5e^CDRl (VL5»gftCDRl) , 

(xx) IB^IJS^-: 173^fEic^T^/^IB^4?^»fCCDR2(VLl > VL3(D^0CD 
R2), 

(xxi) |B^IJ#^-: 168^fS<c(7)r5;yptIB^J^W-r5^0CDR2(VL5(D^®CDR2) , 

(xxii) ia^lJ#-^:79(c:|B4fe<Dr^/^BE?IJ^rWi"5i|S^CDR3(VLU VL3, VL5cDsg 
fCCDR3) 0 

[0060] l£fo£^K<^#^te, ii^»v^T^^-ta*(Dr^/^Bm^tp^#:(DifK- 

^(DBmyoh^tlZo trt{*(D|ifK-^LT«, Fab, F(ab')2 > FvXftHgKt 

L^(DFv^31^^y^— -Cjg^^^r^^/^^-r^FvCscFv) , HgCW&K^-fV 
^LitW^K^^C^iJ^li, Nat Biotechnol. 2005 Sep;23(9): 1 126-36.) „ Unibody(W 
02007059782 Al), SMIP(WO2007014278 A2)fi^lifbfcZ) 0 -tfctfiifctD&MhLX 

lALfcl, iSS^^lBJiS"e^^$*5(M^«\ Co, M.S. et al., J. Immunol. (19 
94) 152, 2968-2976, Better, M. & Horwitz, A. H. Methods in Enzymology (1989) 17 
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8, 476-496 „ Pluckthun, A. & Skerra, A. Methods in Enzymology (1989) 178, 497-5 
15 „ Lamoyi, E., Methods in Enzymology (1989) 121, 652-663 „ Rousseaux, J. et al. 
, Methods in Enzymology (1989) 121, 663-66, Bird, R. E. et al., TIBTECH (1991) 9 
, 132-137#ffJo 

[0061] scFv«, ffifa<DHmVffi$bLmvmi$&mi&1rZ~k\z£y)&btlZ> 0 Z.<DscFv\Z.$5 
$tt5 (Huston, J. S. et aU Proc. Natl. Acad. Sci. U.S.A. (1988) 85, 5879-5883) Q s 

[0062] <#ifcl£ftm&> 

ttt&7£i%m&&&&'tz> 0 Mftm&tmgGL igG2 % i g G4^^ o (D/£Sfs^<D^ 

<^Ici*-^>o tHgGD^tfgi^ tHgG2^^M^*5J;0 ? tHgG4^Sli^»T^y 
^BH^Jfi^-C*fc5(tMgGl^^:BH^iJ#-i-: 19, fcMgG2^M#c:IE?'J#-i§- 
120, tHgG4^^M^:ffi^lJ#-^:21) 0 fcMgG4j£?ifig*£f±, fc^v^^?)^ 

^tt£:E5fc#i~5fci&<£>t5fcg£(Mol Immunol. 1993 Jan;30(l): 105-8.) ^^AL/cIB^IJ 

TfE(i) ~ (xxi) <£>v vffta* 
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^£.fc.E{J~f~l//^Vl/s? (Sequences of proteins of immunological interest, NIH Publicat 



ion No.91-3242 <D297# g <D^0teM^£5*f#l#jg^fco-O& 



[0063] (i) igG27£mn^m^x<7)^'mm3tw 

mm(VT^ymM^\&^&igG27£igmm^^^x, 276#g (Eu-r^^v^^™ 

ic^T^/^ia^lJ^*5V ^T276S g (EU^"^^y^(D397# g ) (DMet&flMDT^S 



[0064] (ii) lgG2fe1$i&i$(D^ s rrii?^T^<D$cW ! 

^fc^mm(DT^ym^m^thfcigG2mmm^-mmtLxn, ie^ij#^-: 20 

^|E«(DT^/^ia^lJ^^r-rSIgG2^SIH^i-*5V^T, 14#g (EU^>v^^l31 
#g)<DCys, 16#g (EU"^>^^y>^(D133#g)(DArg, fej;t>\ 102$ g (EU^^ 

/^y^<z)2i9# g ) (DCy S fim<vT^/m^wWk^nfcigG2feigmm^mf hn& 0 
uw&cDT^/mnm^m&ti^^, 14$ g (Eu^-^y^i3i#g)(DCys 

fiSeri^il^Sr^WiSLC 16$ g (EU^^^y^(D133# g ) (DArgfiLys 
J:ittl&£;ft,5;i£aW3;L<, 102$ g (EU^^y^<D219$g)(7DCysteSer^g 
ifc^frlS* Wi;LV n (lgG2-SKSC) o 

mm(Dr^ymm^^ib^<thmm(Dr^ym^m^nrcigG2^mm^^ 
±m3mm±x^r^ym^m^n ti w^li \ 

[0065] (iii) IgG2^^tgf$(7)Fc y R-^COM^fi^ 

^«!^(DT^7^Wm^^IgG2^^(D-fltItL-C, m^m^r: 20(cl 
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faicCOT5;y^Sa^J^ ; #-rSIgG2^^Mi^^*5V^T > 209#g (EU330) (DAla^Ser 
^ 210§g (EU331)<£>Pro#SSert^ $5£X*/itfZt±218%r g (EU339) GOThrtfSAla 
(^gm^4%/cIgG2^^®^ii#t-f-5 0 209# g (EU330) (DAla, 210#g (EU331 

) <£>Pro<Dg!&tz:J;«9Fc y Wr:^— ^<7);i^£r{Jg;T£^5^^ Rrti"CfeSri:fii- 

T1-fRft$tbTV^^ s (Eur J Immunol. 1999 Aug;29(8):2613-24.) „ Z.<DZfcg£-l*feT- 

^(WtL<^\ 218#g (EU339) (DThr(DAla— <DB^|^^{^fr5-^(- 

<£<9, T-cell^t>— ^i^^559~12T^/^LT(ithri3>r5(D^ 0 ^-F(D^fflV^ 
/c*^IgG2(DFc y Uir^— ^Ofe^^ffiT^^^r^^ RT^T*fe5 0 
^0^(DT5;/P^^Sg^$^igG2^^|g^«, _h^(Z)3ffi0f»T^/^Rm»9 

fdgG2^S^^0*LV ^mmtL-X, K£iJ#-J§- : 20(cl|Bife(DT?/^gH^J^-f-5 
IgG2^^ ,< BB^^*5V^T, 209#g (EU330)(DAla^SSer^g^^fL > 210#g (EU33 
DCDPro^Ser^g^^L, #>o218#g (EU339) (DThr^Ala^g^£tbfcIgG2^S 

[0066] (iv) IgG2^^M^C»C7rt^i^y"t3^-^— (D2ic^ 

@B^J#-^:20^|B^(DT^/^iE^Jtr^-r5IgG2^S^^{-*5V^T, 3 
25#g (EU^^^y^»446#g)'DGly^oJ;t) ? 326#g (EU"^^^y^^(D447 

[0067] (v) IgG2^M$c<D6£^ J;5»ttiM» ft _h 

*fc^|gl^(DT^7^^Sg^^ c igG2^^M^(D-Mti^LT, @B^IJ#-^: 20(cl 
IBft<DT^/l^gE^J^^r-r5IgG2^^^^^oV^-C, 147#S (EU^^y>'^2 
68# g ) (DHis, 234# g (EU^-^^y^(D355# g ) (DArg, 298^ g (EU^>^ 
y^£>419# g ) »Gln^ftjKDT^/^(^gm^n^IgG2^SM^^^tf P ? ^5 o - 
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fe^Sr^W^LC 234#g (EU-^-^^y^(7)355#B)(Z)ArgfiGln^ 



frSi^W^lX, 298#g (EU^^y>-^(D419#g)(DGln»Glu^^tL5 

y^gm»5^^^<^iftli»r^/^^wm^^igG2^^M^^s^^5^s N 

[0068] (vi) IgG4^^-|S^«r^t4"C(7)^^ttgfe^ 

#3£Kfi, IB^IJ#^:21^fatt(Dr^y^IE^J^W^SlgG4^Mi^^jo^-C, 2 
89# g (EU-^^^y^409# g ) (DArg^ftji(^r^y^^gm$tL/cIgG4^^Ml^ 

LV\ IB^lJ#-^:2irfSSC0T5:y^IE^li^*5V^T289#g (EU^^^y^<D409 

# g ) (DArg^frjKDT^/^^gm-r^r^^J;^, ^f£<D$H4^#ffc-?<£>^^tt£rlB] 

[0069] (vii) IgG4^^Mi^^C^^7"n^^^— (DB4c# 

^Kfi, IB^J#^:21^fB*S«r^y^@E^J^W^SlgG4^M^^joV^-C > 3 
26#g (EU^->'^^y^^C0446#g)(DGly^oJ;U ? 327#g (EU^>^y>^0447 

# g ) (DLys^S^ftL^IgG4^SM^^f*-r5 0 mb<DT^g|^;^«$^5 

[0070] (viiOlgGl^^Mi^tDC^ira^^nv 5 ^^^^— <D&# 

29#g (EU-^^^y^(D446#g)(DGlydoJ:t^330#g (EU^^^U^(D447 

# g ) (DLys^^|iLfcIgGl^^|B^^#t^ 5o -^(DT^St^^S^rS 

[0071] (ix) 

IE^JS^:19^fB<c»r^y^IE^J^#i-SlgGl^M^^*3V^-C, 3 
17# g (EV-f-^y<V>^(D434^ g ) OAsn^Sf^coT^/^^M^^T^/^iE^J 
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[0072] (x) 

*$&mn, iB^j#-^:2o^iaicor5y^@B^j(-^v^-c, 209#g (Eu-^^y^ 

^330# g ) (DAla, 210#g (EU^^y^i/331# g ) (DPro, 218#g (EU^^U 
>^339#= g ) (DThr, 276#g (EU"^>v^y^397# g ) ©Met, 14#g (EU^>v^ 
y^l31#g)(DCys, 16#g (EU^/^y^l33#g)(7)Arg, 102#g (EU^ 
^y>^219# g ) cDCys, 20# g (EU^^y>^137# g ) CQGlu^o J;t^21# g (EU 
•^^^y>-^138# g ) <DSer^f^(DT^/^^M^nfc:r^/^IB?IJ^#i-SlgG2^ 

m^©T^/^«#(-Pg^toV^\ 209# g (DAlafiSeH^ 210#g(DPro 
fiSer}^ 218#gGQThr{3Ala{^ 276# g (DMetfiVali^ 14# g (DCysfiSeH^ 1 
6# g (DArgfiLys^, 102# g (DCysf^SeH^ 20# g CQGlufiGly}^ 21# g (DSer 
^Gly^g^-rSi^^^J^bV \ 
[0073] (xi) 

^$&mn, IB^J#^:20^fEii<DT^/^gB^ji-joV^C 209#g (EU^^y^ 
^330# g ) (DAla, 210#g (EU^^y^331# g ) (DPro, 218^g (EU^^U 
^339# g ) (DThr, 276#g (ElJ-^^y^397# g ) COMet, 14#g (EU^>v^ 
y>^131#g)C0Cys, 16#g (EU-^^^y^l33#g)(DAr g> 102#g (EU^V 
^y^*219# g ) (DCys, 20# g (EU^/^y^ 137# g ) (DGlu^XX^21^r g (EU 
^-^■<y^l38#g)^Ser/55ftfe(7)T5/^(c:fi4^^tt N ^o325#g (EU^^^y^ 
i/446# g ) (DGlyfc £0326# g (EU^^y^/447# g ) (DLys/^tRLfcT?/ 
^BB^J^^-r5IgG2/tS^is!c^##t-r5 0 

g^^(Dr3:/^{*ir#^Pg^n^V^S N 209# g (DAlaflSer^ 210#g<DPro 

fiSer^ 218#g<DThrfiAla^ 276^ g (DMetfiVaK^ 14# g (DCysfiSeH^ 1 
6# g ©ArgfiLys^ 102^ g GOCysfiSer^ 20^ g (DGluflGly^ 21^ g (7)Ser 

fiGiyi-em-rsr^^s^^Lv \ 

[0074] (xii) 
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i/397# g ) (DMeU 14#g (EV^^V ^131# g ) »Cy S> 16#g (EU^^y>- 
^133#g)<DArg, 102#g (EU^>v^y^219# g ) CDCys, 20# g (EU^^y 
^137# g ) (DGlu*5j:t) ? 21# g (EU-^^^]J^138# g ) <E>Ser#Sft&<E>T^/i£fc 

g^^(DT3;/^{*#rPte$toV^S N 276#g(DMetfiVal(- N 14#g<DCys 
(lSer(^ N 16#g(DArg(iLys{-, 102# g (DCysf3Serf^ 20# g <DGlufiGly(^ N 21 

# g cDSerteGly^gm-^Sr^WilLV \ 
[0075] (xiii) 

^mmn, @BW-^:20^fB^T^/^ME^IJ(-*5V^T, 276# g (EU^^y^ 
^397# g ) (DMet, 14#g (EU^^y>-^131# g ) OCys, 16#g (EU^^y^ 
^133# g ) (DArg, 102# g (EU^/^y^219^ g ) (DCys, 20# g (EV^^V 
^137# g ) (DGlufcJ:t^21# g (EU"?->^y^l38# g ) <£>Ser;&Sfi&<E>T^/ilfc 
g4&£;fr, ^o325#g (EU-^^^y^446#g)(DGly*D = tt) ? 326#g (EU^>v^ 

WWl£<VT^/mm^mfc£tl<^^>, 276#g<DMet{3:Val^ 14#g<DCys 
fiSer(^ N 16#g(DArg(iLys(-, 102# g (DCysfiSeH^ 20# g <DGluf^Gly(^ N 21 

# g <Z>Serf3G]yl!:fi!fe^5^£aW*Ll \ 
[0076] (xiv) 

131#g)(DCys > 16#g (EU^-^^y^l33#g)(DArg, 102#g (EU^^y^ 
;/219#g)<DCys x 20#g (EW^<V^137^ g ) <DGlu, 21#g (EU^/^y^ 
^138#g)<£>Sei\ 147#g (EU^^y^268# g ) OHi S> 234# g (EU^^ 
y^355# g ) <DArg$5£.Z$298gr i (EU^"^y^419# g ) <£>Gln#Sfi&<£>T5/ 
Bt^S^tK #>o325#B (EU^/^y^446#g)(DGly*5=fct^326#g (EU^ 
^y>^447# g ) <DLys^S^«b/cT^y^IE^J^4t^5lgG2^^«^fit-r5 

o 

mWlk^T^/mnm^m&n^^K 14#g<£>CysfiSer{<:, 1 6# g (DArgflL 
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ysfc, 102#gCOCysf3:SeH^ 20# g OGluteGlyt^ 21# g GQSerfiGlyfc, 147# 
g (DHisteGln^ 234#gWArgfiGln^, 298# g (DGlnfiGlu^B^-f-Sr^^W 

[0077] (xv) 

*mmn, mtm^-^oizmm^T^/mmm^v^x, i4#g (Eu-r^v^y 

131#g)<£>Cys, 16#g (EU^^y^l33#g)<DArg, 102#g (EVf-^^V^ 
^219#g)(DCys, 20#g (EU^^y^/137# g ) COGlu, 21#g (EU^^y^- 
;/138#g)<DSer\ 147#g (EU^^y>^268# g ) GQHi S> 234# g (EU^l^ 
y^355#g)(DArg, 298# g (EU^-^U^419#g)OGln, *5<tO ? 313# g 
(EU"7-^/^y^434S g ) (DAsn^SffjKDT^y^^g^^tL, £>o325# g (EU^ 
^y>-^446# g ) (DGlyfc J;G«326# g (EU^^y^447# g ) ©LysflS^&Urt 

r^/^gs^j^w-r5igG2^^fg^jif±t-r5o 

WWlk<^T^/mn¥t^m&n^^K 14#B<£>Cys«:SerlJ:, 16#g(DArg(iL 
ysi-, 102#g(DCys{iSer^, 20# g <DGluf3:Gly{3\ 21# g (DSerfiGlyi-, 147# 
g <£>Hisfi£Glnfc % 234# g GOArgtiGlnfc, 298# g (DGlnfiGluf^ 313S g CDAsn 

[0078] (xvi) 

^§Kf3:> IE^IJ§-^-:21^fBft(DT^/^IB^]^^oV^-C, 289#g (EVT^^V^ 
^409# g ) (DArg, 14# g ©Cys, 16# g <DAr g> 20# g (DGlu, 21# g (DSer, 97 
#g(DArg, 100#g(DSer\ 102#g6QTyr\ 103#g<DGly, 104# g (DProjoJ;^ 
105# g <DPro(EU-^W^y^l31, 133, 137, 138, 214,217, 219, 220,221,222# g h 1 
13#g<DGlu, 114#g(DPhe*Dj:I>4l5#g (EU^^^y^233,234,235# g ) CD 
Leu^5ftfc(DT?/^(clB^tb, #>oll6#g (EU^>v^y^236# g ) CQGly/^Actl 
LfcT^/^IE^W^5lgG4^M^«^5 0 

mm^»T^/^tt#^Pg^toV^\ 14#g (EU^^y^l31)<DCysteS 
er^ % 16#g (EU-^^^y^l33)<DArg{iLys^ > 20# g (EU^^^y^l37) 
60Glu«Gly— , 21# g (EU"^^y^l38) (DSerJiGly— , 97#g (EU^>v^y>" 
^214)(7)ArgfiThr^ 100#g (EU^^^y^i/217) CDSerfiArg^ 102#g (E 
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U^-^^y^219)(DTyH*Ser— „ 103#g (EU^^^U^220) CDGlyfiCys^, 
104#g (EU-^-^^y>-^221)(DProfiVaW, 105$ g (EU-^>^y>^222) <DPr 
of^Glu^ 113#g (EU^^y^'233) (DGlufiPro-^ 114#B (EVi~^<V^ 
^234)GQPhef3VaP^ 115#g (EU^^^U^235) (DLeufiAla^, 289||g (E 
U^^^y^409) (7)ArgfiLys^(7)g^W^bV \ 
[0079] (xvii) 

SBW^-:21^fB^OT57^1fi^lJ^*5V^T, 289# g (EU-^/^ 
i/409# g ) COArg, 14# g (DCys, 16# g CDArg, 20# g (DGlu, 21# g (DSer, 97 
#g(DArg, 100#g6OSei\ 102#g(£>Tyi\ 103#gC9Gly, 104# g (DPro&XXF 
105#gCOPro(EU^->-^^y^^l31,133,137,138,214,217,219,220,221,222#g), 1 
13# g (DGlu, 1 14# g (DPhe jo J;t>4 1 5# g CO Leu (EU^>v^y^233,234,235# 
g ) &j&<DT^S&t\Z.W&£tl^ 1 16# g (EU^"^^y^236# g ) 60Gly, 326 
# g (EU^i^y^446# g ) (DGlyfe J:t)«327# g (EU^^y ^447# g ) COLy 

s^^«L^r^y^ia^ij^-r5i g G4^s«^f*-r5 0 

g^(DT5:/^«ir#^PS^toV^S N 14#g (EU-^>-^y^l31)(DCys«S 
er^, 16#g (EU-^^^y^l33)(DArg{iLys— , 20# g (EU^^y^l37) 
COGlufiGly— , 21#g (EU^-^^y^l38)C0Ser{iGly^, 97#g (EVT^^V^ 
^214)C0Arg(SThr^, 100#g (EU^>^y>^217) CDSerf^Arg-^ 10211 g (E 
U^^^y^219)(DTyrfiSer^ N 103#g (EU^^y^220) <£>Glyfc£Cys^ 
104#g (EU-^^^y>^221)(DPro(iVal^, 105#g (ElJ-^>^y>^222) <DPr 
ofiGlu^ 113#g (EU^^^y^233)(DGlu(iPro^ > 114#g (EVT^<V^ 
^234)<DPhe{3VaP^ 115#g (EU^W^y^235) CDLeufiAla— , 289#g (E 
U^-W^y^409) (DArgfiLys^cDg^W^L-l \ 
[0080] (xviii) 

^mmn, @E»^:19^fB*fe(DT^/^|B^J^-f-5lgGl^|S^i-*3^T, 3 
17#g (EU^-^^y^(D434#g)(DAsn^ftji(Dr5:/^^e^n> ^o329# 
g (EU"^^^y^(D446#g)(DGlydoJ:D $ 330#g (EU^->^y^<D447# g ) 



WO 2009/041621 



59 



Translation for WO 2009/041621 
PCT/JP2008/067499 



[0081] (xix) 

# g CO Ala, 210S g CPro, 218# g <DThr\ 14# g COCys, 16# g COArg, 102# 
g COCys, 20# g Glu, 21# g (DSerffifo<DT^SmzWte&tltdpifc 0 

mwik^T^/mnm^&ti^^, 209^ g (Eu-^^y^33o)cDAia^s 

ei\ 210#g (EU-^^y^331)<Z>Pro£rSei\ 218#g (EU^^y^339) <DT 
hr^Ala, 14#g (EU^^y^l31) CDCys^Ser, 16^g (EU^^y^l33) 
(DArg^rLys, 102#g (EU^>^y>^219) (DCys^Ser, 20# g (EWf-^^V^l 
37)cOGlu^Gly, 21#g (EU^^y^l38)(DSer^Gly^g|^3r^Wi;Ll^ 

o 

^(Dj:5^IgG2^^^S^(DM^bT > @B^IJ#-^: 191 (M86) (DT^/m^l&^-t&l 
gG2^^^#tf5i^^-e^§ o 

X, «I^C0IgG2^fS^C0ftJl(D^LV«i^LT, i^<ZMgG2^Sft^J-:&V> 
~C\ C^igco^^nv?^^^— ^fiM$^:5fcfe^b^325#g CDGly £54:1/326 

# g »Lys^s^:tiLfcigG2^Sffi^#ff 5^^^ s -e^5o 4:5&^{£<^M£L-c 

, @E^IJ#^- : 1 92 (M86 A GK) COT ^y^SB^J^^^5^^M^W^5lgG2^#(f 
[0082] (xx) 

^b^^B^^t^^CD^xn^^^— ^^^tLfdIgG2^^^(D0^ 

LV^fl«^LT^T»IgG2^^jg^tf5ri^s-e^5 0 

@E^IJ#-^- : 20^fB^(DT^/^IE^IJ W-T5lgG2^SIB*{-*5V vC, 14# g COCy 
s, 16# g CDArg, 102# g CDCys, 20# g <DGlu, 21# g COSer^fftCQT^/B^e 
m^tL/iIgG2^^M^o 
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i\ 16#i (EU^^^y^^l33)C0Arg^Lys, 102#g (EU^^y>^219) COCys 
£:Ser\ 20#g (EU"^^y^l37) <DGlu£rGly, 21# g CO (EU^>-^y^l38) 
(DSer^Gly^gi^^r^^S^^tV \ 

gG2^igi$«tf;5r^-c£5 o 

X, «f^(DIgG2^M^coftJlco^LV«|I^LT, J^<DIgG2^SfJfifc*5 
V^r, $b(-325#g(DGly*5j:t^326Sg(7)Lys^^b^IgG2^^^^^ 
^^^-e^5 o ^60j:5^f*CO^iJ^LT, IB^lJ#^-:194(M40AGK)<Dr^y^SE^lJ 

[0083] (xxi) M14 A GK > M17 AGK, Mil AGK, M31 A GK, M58, M73, M83, M86 AGK, M 
40 AGK 

^SM^(Mi7AGK)^#t-r5 0 £bi^mmm&m j %':25iz.mm<DT^;Mm 

m&&~t'Z>$ifcj£1%ffi$ (Mil A GK) £rtl£H-5o £k{-*3£Kteia?'J#-*§-: 118C 

fattcor^y^ia^ij^^-rs^s^ (M3i a gk) Srj^-rs 0 §«b^«?g«iB^J 

«0>1ttSE^J^^:164^fBft(DT^/^|B^J^W^5^^M^^^5(M83) 

(M86 agk) q ^hK^mmnmtm^-: ^^mm^r^ymMM^-i-^^m 

^£^#^5 (M40 A GK) „ ^tlbO^^^fiili, Fc 7 Hr^— <D^fB 
[0084] ^K«_h|B (i) ~ (xxi) (Dl ^T^^(-fE«(D^f$^S®^^^^f*^#lft-r 

5 0 -ha£<D^^^Sr^ri-5Rg«?, ^I^MI, ^f*<Dr±3*^mPte£*vf 
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k&x%%> 0 WkPMiffii$(D^^m^te±~&<DT^yMU&&fTfrfriT\^xh^^'L 

~ (viii) ©f^^^{ST^5*f^ ( a ) ~ ( c ) <7^c/£t£^ii£^»^ ^ 

Mtl^LTd, IB^IJ#^-: 1 13^fSic (PF.1+M14 A GK) ©7^ 
Xfc^XhlamdaX&<>Xh J tfrhh<D?fc^foX$b<>Xh^ ^ 'tlKm^tl^ \ 

lute, ±m(Dmw^m^MX^rcn±m^m^mm^^m^^- 
$cmm&ft* (scaffold^), tkwm&^f^h*. m^y^m^Fcm^- 

[0085] ^mn<D^m-is mMm\^WL<o^m^mx.x , ^iii^T^wiatwt 

f3\ ^PfiL#Mf3^^Mf§^§^(Hashimoto-Gotoh, T, Mizuno, T, Ogasahara, Y, and N 
akagawa, M. (1995) An oligodeoxyribonucleotide-directed dual amber method for sit 
e-directed mutagenesis. Gene 152, 271~275 > Zoller, MJ, and Smith, M.(1983) Oligo 
nucleotide-directed mutagenesis of DNA fragments cloned into M13 vectors. Method 
s Enzymol. 100, 468~500 > Kramer, W, Drutsa,V, Jansen,HW, Kramer,B, Pflugfelder, 
M, and Fritz, HJ(1984) The gapped duplex DNA approach to oligonucleotide-directe 
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d mutation construction. Nucleic Acids Res. 12, 9441-9456^ Kramer W, and Fritz H 
J(1987) Oligonucleotide-directed construction of mutations via gapped duplex DNA 
Methods. Enzymol. 154, 350-367^ Kunkel,TA(l985) Rapid and efficient site-specific 
mutagenesis without phenotypic selection. Proc Natl Acad Sci USA. 82, 488-492) 



-t&~k&X%% 0 f&<DT%sm~W1MrttfekL.Tf3L* 7i/-A7-ms/7!Jy 

^(Mol Immunol. 2007 Apr;44(l 1): 3049-60) *5 J; LFCDR repair (US2006/0122377) 
[0086] 1fcft&JM&tZ>&<Dm<DmmkL.Xl±, 3H\ ^iti^^fe*feiaoT, IL-6 

[0087] xvMW-mn-z, *mwn, &.T<o{a.)Rmw<DJiu^tt. *pmt£&&M&£ 

(a) CDR^, FRISJ^, RXI^mm^^U^ W$^5^>^<^lo<D|g 
<5DNA N &0rDRM^&t>PRM^^^5l¥J:^3l^$^5^^<^lO(DM^ c P 

(b) X© (a) <D^3L»£0iR^3X© 

[0088] ^^M^s^v^-m, st, mL-6u^?--tti$<Dmmi$<nHm&^ 
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5&£^5 0 CDRft^ FR|g«, Rt>^^^b^S^J:«951tR$n5^^<^lo 
^OTRM^b^5l¥J:^^$tL5^^<^lo(DM^^(DlX«1StoT^y 

(7)L0^n— K^6DNAC0CDR<Rg^S.t>7XfiFR<Eg^^#b, CDRf)|, FRtS 
[0089] fcb^Ctf), If ^MHfCfDCDRfftj^ FRft^, ^.t^^M^^^S^J:^ 

iaoT, CDRflf^ FRfgiglc, STO^M^^^S^^^illX^^S^^K^lo 

[oo9o] &tt, cDRmm. fr«, Rxi^mm^^m^'om^n^{p^<bhi^(D 
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^^f-PS^n5fe(D-C«^V\ Ug3r=i— K-TSDNA^^, |lf]+itf^5>DNA 
f^tTM^^^-c^ 

[0091] ii1EDNA£M£^5^i££LTf3, J^T^SsflS^ff b*l5 0 Mx«\ H^rT^ 
^*[fiSr=»— Ki~SDNASr, H&^^#&:3— Ki-5DNA££fcfc^m^*— tola 
^jA^H^^-<^— tr«^-T5 0 l^#f-> L^RT^Jgc^— K-TSDNAS:, L 

s<?$— ^LTfiMxflSV40 virus based^i^— , EB virus based^<^— , BPV(^ 
^r>^ / ^)b aS ed-<^— ^IV^^^T#5^\ m^f-RB^ttSfe© 

"Cfi^v\ 

[0092] ^±(7)^&^^^4%fc^^^^^-f-J;^^^lBJ^^*^®^m-r5c It 
^BflS£LTfiCHO«(^^-X^A;^— ^p^^-h^^fteia^ftfc^fe^j® 

0, ||#^fe^0^^(D^^^^Sbtt#)<D#]#;^ s fflV^^5 (Nature Biotechnolog 

y 25, 563 - 565 (2007), Nature Biotechnology 16, 773 - 777 (1998), Biochemical an 

d Biophysical Research Communications 255, 444-450 (1999), Nature Biotechnolog 

y 23, 1159 - 1169 (2005), Journal of Virology 75, 2803-2809 (2001), Biochemical a 

nd Biophysical Research Communications 308, 94-100 (2003)) 0 l£7c, T^KlS&fcfi 

y/K^^Wi:(R.W.Malone et al.,Proc.Natl.Acad.Sci.USA 86,6077 (1989), P.L.Fe 

lgner et al.,Proc.Natl.Acad.Sci.USA 84,7413 (1987), ^t-^n^V— ->3^£, V> 

^/^^-MiKF.L.Graham & A.J.van der Eb,Virology 52,456-467(1973)), DEAE- 
Dextranfe^WSf-fflV^n^o 

[0093] trt^oSitlJliSV^Tfi, #Cf-, TM(sd^&btlTcftmM®&mitil1rZ> 0 mjLM 
^I, i##T, P^MHil, lq, FcRn, ^n^MVA, ^ptMVG^A, 77^^- 
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[oo94] ^hi^mmn, ^T<D(A)^(x)^f^m^m^n^p^<thi^(Dj:u^ 

(A) gS?lJ#-§- : 1 ^fBgccDT^/^IE^j (HCDRl) fc&l B <DSer£:ftoT^/^ 
i-g$H^XfM 

(B) BE?IJ#-J§- : 1 \Z. ; §5M<DT^SWZ5ffil (HCDRl) \Z. j3V ^T5# B <DTrp&i&<DT$SWl 

(C) @E^IJ#-^- : 2\Z.^M<DT%/^SM (HCDR2) \ZL$S\ ^Tl# B <Z>Tyr£rf&<DT^/^ 

^gm-rsxe 

(D) SE^IJ#-^- : 2.\Z%tffo(DT%;&5iM (HCDR2) \Z.$$X ^T8# B <DThr&mcDT^/ 

(E) @a^lj#-^- : 2\ZjmM(DT^/Wmm (HCDR2) \Z.$$ V ^"C9# B <DThr£rf&<DT5;/ 

(F) Ba?IJ#^:3(^|B<fe(^r^ySfeBE^J(HCDR3)l!l*5V^l#B©SerS:ftfc<7)T^/Sfe 

(G) K?IJ#-^- : 3{<lfE4&<DT?/B£BE?II (HCDR3) fc&V ^T2# B (DLeu^ftJKDT^/ 

^em-rsxa 

(H) gE?IJ#-J§- : 3^fBic(7)r^/^|E^J (HCDR3) fc&l ^X5# B (DThr^m<DT^/M 

^sm-r5x@ 

(I) IE^iJ#^-: 3^fS<c»T^y^SE^J (HCDR3) 121*5 VvT7# B OAla£rfe<DT^/^ 

^em-rsx© 

(J) lE^lJS^-:3^ISic(7)r^y^IE^J(HCDR3) ^*5V^T8# B <DMet<£rft&<£>r^/lfe 

^gm-rsx© 

(K) E?IJ#-i- : 3^fBi6(DT^7^IE^J (HCDR3) fcfcV ^Xl# B »Ser jo £U«5# B 
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(L) IE?!l#-^: 3fcfBft<£>T5/B£8E?IJ (HCDR3) fc&l vf2# g CO Leu ^ 7^ g (7) Ala 
(M) IE^lJ#-^:4^fHic^T^y^IB?lJ(LCDRl) ^*5V^T1# g (DArg^rfriCDT^/^ 

^em-rsx© 

(N) IB^IJ#^- : 4^HB^(DT5;/^IB^J (LCDR1) fc&l ^T4# g (DGln^ftjKDT^/^ 

^gm-rsxm 

(O) ia^lJ#-^:4^fSic»r^y^IB^J(LCDRl) fc&l ^T9# g OTyr^tDTS:/^ 
(P) iE?!l#-^- : 4^fSft<DT^/^ga^lJ (LCDRD fc&V ^Cl g (DAsn^ftjKDT^/ 
(Q) IB^J#^:5(-fBic<DT^y^ia^J(LCDR2)(^V^T2#g(DThr^frJl(7)r^y^ 
(R) IB^IJ#^§- : 6^fSic»T^y^SB^J (LCDR3) fc&l ^Tl# g <DGln£rfe<DT^/^ 
(S) SB^IJ^-^- : 6 ^fSic<DT^y^@B^J (LCDR3) f^Jol ^T3# g <DGly£rf&<DT^/^ 

^mm-rsxs 

(T) IB^IJ^^- : 4^fBft(DT ^y^lB^IJ (LCDR1) fc&V ^T9# g (DTyr&m^T^/M 

fcn^ttnte£x$m$m^:Qfcszm(DT^/mnm (lcdr3) ^*dv^t3# g 

(U) IB^IJ#^-: 6^fSic»T^y^Sa^J (LCDR3) ^5oV^T5# g (DThr^fdKDT^y^ 

^gm-rsxm 

(V) IB^IJ^^-: Q\Z.WM<T>T^fkWM (LCDR3) Kl&l^TlS g <DG\n$S £TJ«5# g 
(DThr^rftJl(DT^/^^gi^-^6XS 

(W) IB^lJ#^:2^|Btt<DT^/i^IB^J(HCDR2)^^oV^T9$g(DThr^rffiCQX5;/ 
^^g^-T5Xg*5j:l>WlJ#-^ : 3^fE«c(DT^/^IB^J (HCDR3) ^ V ^Tl# 

(x) (v)^t;(w)tfsi(DXg 0 
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[0095] _h|B(A)^*5V^T, WMMi<DT^;m-&T7^^T-(— &\ti\±.1rZ>m)1fclZ-V&fe£tl 
&V\&S % Trp, Thr, ^/cfiAsp, Asn, Arg, Val, Phe, Ala, Gin, Tyr, Leu, His, Glu^ 

J^V^S, He, Val, Thr^c»Leu^OglfedW*bV\ 

^V^S, Ala, Ile£fcfiSer^<£>11!S!#S£p£Ll\ ftfc<D#?3;LV ^gi&£LT{3:5§ g <75T 
hr(DSer^(Dgi^^fi^5 o 

&V\&^ l#g(DSer^Leui-, 5# g (DThr^rAla^gi^-f-5i^^W^bV\ X, ffe<D 
£P^Ll^gi^LT, lSgtDSerOVal^cDg^^t^SSg^ThrtDAla^tDg^:, 1 
# g (DSer<DIle— GDgi^&tJ^S g CDThr(DAla^(Dg^, 1# g <DSer(DThr^(Dg 
i&R.'O^S g (DThrCOAla^(Dgi^, 1# g (DSerCOVal— GOgi&Rt^fH g (DThrCQIle 
^C»g^, l#g(7)Ser(DIle^(7)g^:^'0 ? 5#g(7)Thr(7)Ile^(Dg^, l#g(DSer(D 
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Thr^GQifii&&.'0 ? 5# g (DThr<D\\e—(DWM, *fcf3:l# g <OSer<£>Leu^£>fii&&. 
t^5§ g (DThr»Ile— (Dg^ap&f 5^^^^^ 

&V\^ 2# g <£>Leu£rThrfc, g ©Ala&Valfc, 8^ g (7)Met£rLeu^g^-f-§r<l; 
&V\?r\ Gly, Asn^/ifiSer^(Dgm^0^bV\ 

&V\&^ IB^IJ#-^:4^|B^(Dr^/^IB^J(LCDRl)(DTyr«Phe(-g^^g^tt5 
ri!^W^b<, IB^IJS^-:6^faft(7)r^/^gE^J (LCDR3) (DGlyfiSer^gm^S 

l^gcDGln^Glyt^ 5# g OThr^Ser^g^^5r^^^bV\ X, fto 
£p£LV ^g&£LT 1# g (DGln(DGly^(7)g^&0«5# g (DThrCOArg— ©fl^ 
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_LfE(W)^^oV^T, ia^lJ#-^:2^fBftwr?y^BE^IJ(HCDR2)(D9# g (OThrttAsn 

l#g(DSerfcJ;tJ«5#g(DThr(Dg^^(Dr^/^(D0^LV\te^-^^^:^b-C, Leu 
3oJ;tMla, Val&cfctMla, Ile&.ttMla, Thr\Jo J;IMla, Val^IMe, Ile*5 it^Ile, 

[0096] _h^(7)(A)~(X)(DX@^*5V^, T^/^<Z>gm£fx5^"&feJ3:# f-RB^tl^V ^ 

[0097] ^mm^WL-6u^^-m^^m^tcn^m^^m^^m^ *> 

Ay-CfeJ;V\ £tbtx X3zri»(A)~(X)(DV^^^-fBi6»X@^m5PSX teco 
[0098] <WL-6U±y°^— ttfc^&W^V^&i&M^&Jvfey 

Gly^em-r5X^^-&\ ^LX-e^X^-^rL^CO^^Jjfltt^SX^XS^^^ 
: 5^fBi6(DT^y^IB^J (LCDR2) ^ 33 V ^X2# g (DThr^Gly^MmX5X@^tf 
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[oo99] <WL-6u±y^~m^mm^i&T^^m> 

(0 ia^lJ#^:7(^fEi6(DT^y^ia^J(HFRl)^^V^T16#g(DGln^ftil(DT5y^^ 

emxsx© 

(ii) ia^lj#-^: 8^fE<c<DT^y^@a^lJ (HFR2) fc&l ^T8# g <DArg£rftfe(DT^/^ 

gm-rsxm 

(iii) la^lJ^-^: 9^ffi*c»T^y^ia^J (HFR3) ^*5V^T16S g <£>Arg£rftfc<DT?/^ 

i-em-r^xs 

(iv) ia^lj#^-: lO^fSic^T^y^ia^lJ (HFR4) ^:JoV^T"3§ g »Gln£-ftil<DT^/^ 

^em-rsxa 

(v) IE?IJ#-5§-: llfZlfB^<DT^/BIBE?IJ(LFRl) ^*5V^X18^g (DArg^ftjlcor^y^ 

(vO ia^ij#^-: i2^tsic(7)r^y^ia^J (lfr2) ^jov^-cn# g (DLys-Hfa^rs:/ 

(vii) ga^"J#-^:13^|Btt^T5:/^ia^J(LFR3) l-*5V ^T23# g <DGln£rf&(DT5;/ 

^gm-rsxm 

(viii) ia?IJ#-^:14^fEft<DX^/^ia?IJ(LFR4) ^joV^X10# g (DLys^ftjKDT^y 

^i-gmxsxfM 

(ix) ia^lJ#^-: l^fSft^T^/^ga^J (HCDRl) ^JoV^ClS g <DSer£te<7)X^/|^ 

^smxsxm 
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(xi) BE?lJ#-5§-: 5^fS^<£>T^/g£BE?iJ (LCDR2) fc&V ^T4^ g <£>Arg£rft&<£>T^/^ 

i-gm-rsi© 

(xii) ga?lJ#-^:7i31fBS^>r^/^lE^I(HFRl)^*5V^T13#SOArg^fri(Dr5;/^ 

(xm) m$m^:2\z.mw^(DT%/mnm(HFRi)^fcmi$m^:ioo{cmm(DT^j 
(xiv) m^m^:4Kmm(Dr^ymnm(LCDRi)itfcnm^m^:ioiKmm(DT^ 

/SfcE^lfciSV vT6# g (DHis^ftoT^/^giH^X^ 

[oioo] _hia(0i-*3v^-c % gm^cor^y^f^S^^ffiT-rsPS^^^PS^^v^^ 

Giu-^g^W^bv \ 

Glu-^gi^WtXl \ 
_LfB(iii)fc*5VvT, gm^<DT^/^(i#m^^^£T-r5Pg t 9#^PS^^V^^ 

, Lys— (Dg^W^bV\ 
, Glu— ©Ii«U\ 
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, Asp— <z>eife& s £r-^u/ \ 

Gin— (Dg^W^Ll \ 

, Glu— <£>ttJfeO303;L.V\> 
, Lys— <Dgm#W3Xl\ 

, 15#g<75Lys{iGln— , 16# i (DSerfiAsp— <£>g&#S£p£LV \ 

, Glu— (Dfi^W*LV\ 

, Glu— (Dg^W^bV\ 
[0101] X3z£(D(i)~(xv)c7)Xf^:}oV^T, T^7St(Dgm(D^m#^PI/£$4%^V^ N $| 

^^M^»r^y^ia^ij{itMtPM-i(Dmig^^M^»r^/^is^j-e$)5r^^s0 
^^^M^^r^y^@E^JfitMbPM-i(D«^T^|gi^(DT^/^ia^J"efe5r^^s 

£?3XV\ X, Ji3il!(7)(i)~(xv)(DXe^|Eft(DT^/^g^«tMbPM-l^L#:^^J-L 

~(xv)(Dv^^^-fs«c»x@^tpfe(D-efetL{ij;v\ m^mm^mn, x 

^(D(i)~(xv)^|E«(DX©(D9^> 21^X(DX©^^fcJ:V\ $P^X Xi£<7X0~ 

(xv)ov^-f ^^^fBfttDX^^msPSX ftfe(DXm(Mx.«\ X3£<ZXi)~(xv).^ 
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[0102] <#LlL-61/i?^— fei^^^tt^[p]_h^^5^fefe> 

( a ) IS?IJ#-§- : 9(-fE<c»T^y^IB^J (HFR3) ^*3V ^T4# g <£>Met£:ftfa<£>T^yg£ 
( ]3 ) SE^IJ#-^- : 9(-fEi6(DT^7^ia^J (HFR3) fc*5l ^T5# g <DLeu<Hfe<£>T^/Sfc 
( 7 ) K?lJ#-§- : 2\£§eM<DT^SWl&&\ (HCDR2) ^T9# g (DThr£rf&GDX5;/ 
( 5 ) SE^IJ^^I- : 6 \Z.<§5M<DT$SW®ffi\ (LCDR3) fc&l ^T5# g <DThr&i&<DT W. 
( £ ) @E^J#^:2(^fafc(DT^y^iaM(HCDR2)^*DV^T16#g(Z)Ser^frJl(Z)r^y 

N Ser— »g|^ WlSbV \ 
, Asn— (7)g|^W3;LV\ 

_lie( d )\z.m^x* m^^(DT^yma^7^^^JJu^mvwKm^n^^ 

, Ser— (Dg^# W3;LV \ 
\ Gly— ©tt^ W^bV \ 

[oio3] ±l©(aHc)©iW^t, r^y^(Dgm»^S5f»{-PS^^v^^^ 
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mM^^w^r^/mmm^hitPM-i^mm^^w^r^/mm^ix^^t 

3WtXV\ 3X ±j£*D(a)^(£)(DT^/mW^iWkPM-im^MLXftfrn 

5x>»fxv\ 

[0104] <mL-6U^?—ffii$(D%Lmmk%&T£ J £ttm> 

LystX 16# g (DGln^GluiX 23# g COThr^AlaiX $lUv/J:/c(X30# g (DThr^Se 

^{SX$X5^fefe^HB-rSo X^P^©^x-6^X7°^--ijLf*60^^igt4^£X$X 

S^fefefX IE^lJ^-^:7^fSft(Dr^7^ia^J(HFRl)^*5V^T30#gCOThr^Ser^ 
$ b i-^g K fXSB^IJ^^- : 90 \Z.^ML(DT 5;/^IE^IJ (HFR3) fc:fc3 V ^X2 7# g CO Ala 

JStt^gX^xs^fefei-M-r^o X^P^^^x-e^x^-feif^tD^^iStt^fgx 

^S^iite, BE^IJ#-^- : 90^fSft6DT^y^gE^J (HFR3) ^3oV vr27# g (DAla^ 

mmmm^mmm<Dtm(D^m^^xn^t^M^ 0 
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^K^mmnifh\L-6u-^zf^—m^, m^wtPM-mfc, H53/L28, ^si^ 

[0105] <ffi{£(Dm&£iftTfc&tt&&fefe&fa±&"&Z>j?&> 

£7b*3BKE\ E^!l##:20lJ:|B*«7)T^/i6BB^J(IgG2)^*5V^T, 276#g (EU 
X^^y^<D397# g ) (DMet£f&<DT^/^g^-5XfM^ti\ fcittW®M4^ 

T276# g (EUX^^y^ 7 * <D397# g ) (DMet^ftilcDT^/^^g^-f SXfM^m 
[0106] <IgG2^SfI^»t^^^t-r±3*T5^^nv ? ^^— ^3SC#-r5^^fe> 

^tc^mmn, @a^j#-^-:2o^fsic»r^y^ia^i(igG2)^jov^-c, i4#g (eu 
•7-^^y^i3i#g)(DCys^fri(Dr3:y^^gm-r5x©, i6#g (Eux^y^ 

^<D133#g)(DArg^:ftfc<Dr^/^(cieifei-5X^ & «tt5/*fc«102# g (EUX 

g COCysfiSer}^ 16# g (DArgfiLys^ 102# g GOCysi3:Serfcg|&£;}'L5~£#5£P 

(DT^/^IE^J(IgG2)^*5V^T, 14#g (EU^-^y^l31#B)OCysS:ttJjli- 

16#g (EUX^^y^<^133#g)(DArg^gm-r5Xm, iOV^/cfi 
102#g (EU-7-^^y^(D219$g)(7)Cys^gm-r5Xe^tfPS l 9, ffi(7)75/ 
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[0107] <IgG2^M^^C^T5/^M^S^5^^n^^^— 

325#g (EUX^^yi-X f (D446#g)<DGly:}oi;1^326Sg {EW^V)^<D 

^fE^(DT^/^ia?IJ^^r-rSIgG2^S^H^i-*5V^T, 325#g (EUX^y^GD 
446# g ) <E>G]y*5«fcU<326# g (EUX^^y^(D447# g ) (DLys&jXS&^SX 

[0108] <IgG2/rZ^Ml^(DthSa^J^|i^L/c**Fc y R^<Z)^&fg^£itr5;fr$£> 

^fc^KfX ia^lJ#-^:20^fB*COr^/^IB^J^-r5lgG2^^i-^V^ 
"X 209#g (EU330)<7)Ala£:SerXgJ^X5X@ s 210#g (EU331) <£>Pro3rSerfc 
g$lX5XfM, *D = tt) ? 218#g (EU339)(7)Thr^Ala^gi^XSX@^-atf, }?vf£<£> 
Fc y R^^^iSM^S^S-MXSc «K»trl{*(7)Fc y R^©g^^Si 
^XS^SiJX ia^JS^:20^fSic<DT^y^@E^J^^X5lgG2^^rMl^^fcV^T 
, 209#g (EU330) (DAla^Ser^flL^XSX^ 210#g (EU331) (DPro^SeiXg 
^XSX^M, 3oXO«218#g (EU339)(DThr^Ala^gmX5X@^£?PS'9, ftfetf) 
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"X 147#g(EU268)<7)His, 234# g (EU355)<£>Arg;K.TJVXf3:298# g (EU419)<DG1 

^^©tfcotfcJ;V\ g$li^T5/^m#^PgX£4XfeV\^ N 147#g(EU268) 
<£>HisfiGlnt^ 234# g (EU355)(DArgfiGln^ 298# g (EU419)(£>Gln{ iGlufcfigl 

&fcfc|8 K « > iB^iJS-i- : 20X ttIB^iJ#^- : 1 5 1 (M58) ©7V ^la^J^rW^Slg 
G2^S'bB^{-*5V^T, 313#g(EU434)(DAsn^ftjKDT^y^^Bm-^5X@^'a£f 

$K Ala— (Dgm^^LV\ «0^»»M^^X-r5^{X _h3£<£>Xg& 

[0110] £7X£^fX IE^J#-^:20^fB*(DT^/^IE^J^rW-r5IgG2^:SM^^*5V^ 
#8cfc:Bli-5(M14AGK) 0 

(a) IE?!l#-^:20c£>209#i (EUX>^y^330) (DAla^rSeri^g^^XS, 

(b) IB^lJS^-:20(D210Sg (EUX^^y^331) ^ProSrSeH^gi^XSXfS, 

(c) SB^IJ#^-:20»218#g (EUX^^y^339)<OThr^Ala^gifeX5Xf§; N 

(d) IB^lJ#^:20(D276#g (EUXX^y>^397) ©MetS:Vall31iSlfei"SXig, 
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(e) SB^IJ^^- : 20(7) 14# g (EU-^^y ^1 3 1 ) <£>Cys3rSerf £g#H"5Xi|^ 

(f) BB#I##: 20<D16# g (EU"7-^/^y^l33) (DArg^Lys^g^-^X®, 

(g) IB^I#^-:20(D102#i (EU-7-^^y^219)(DCys^Ser^M^:-^5Xfg: > 

(h) IB^g^: 20(D20# g (EUX^/^y^l37) (DGlu^Gly^g|^3XS N 

(i) ga^lJ^^I- : 20<D21^ g (EUX^^y^l38) (DSer^Gly^gi^-r5X@, 

(j) BE?'J#-^: 20<D325# g (7)Gly,&G«326# g (DLys (EU^^y^446:jo XXM 
47)^ / XS^XSX@ 0 

as, M^X^^i^M^ 

[0111] IE^I#-^:20^|B*(Dr^/^@B^J^-r5lgG2^^^^oV^ 

^i-s^n^^^y — &m$£&ttmz.m'tz> (M3i a gk) 0 

(a) 6E#I#-^-:20c£>276#g (EU^>v^y^397) (DMet^Val^g^-lTSX©, 

(b) IB^lJ#^-:20(D14#g (EUX^^y^l31) (DCys^rSer^g^-f-5X©, 

(c) IE?!l#-^:20<m6#i (EU-7-^^y^l33)(DArg^Lys^g^-f-5X© N 

(d) IE?l]#-§- : 20(D 1 02# g (EU^^y >^2 1 9) (DCys^Ser^gl^SXf^ 

(e) IB^JS^-:20(D20#g (EU^>v^y^l37) (DGlu^Gly^g^TSX®, 

(f) IE?IJ#-5§-: 20<D21# g (EU^^y^l38) <DSer^Gly^gmi~5X@, 

(g) iE^U## : 20(D325# g <£>GlyX. , U s 326# g <Z)Lys (EU^-^^y^446*5±U ? 
447)^ti^«XfM 0 
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[0112] ^/c*^KfiBH^IJ#-^:20^|B^T^y^BB^J«r^ri-SIgG2^^H^^*5V^T 

(a) IE^!I#-^-: 20(D14# g (EUX>^y^l31# g ) cDCys^Ser^fi^-^SX^ 

(b) IB^IJ#-i-: 20(D16# g (EU^^^y^l33# g ) (DArg&LysiZ.Wte'i~Z)TM. 

(c) IE#I#-^-: 20(D 102# g (EU-^W^y^219S g ) ©CysSrSerfcBlSli-SX© 

(d) IB^IJS^-: 20(D20# g (EUX^^y^l37# g ) (DGlu^rGly^R^XSX^, 

(e) gE#I#-^: 20<E>21# g (EUX^^y^l38§ g ) (DSer^Gly^gi^XSXg, 

(f) ia^lj#-^: 20(7)147# g (EUX^^y^268# g ) <DHis^Gln{^g^X5Xf£ 

(g) IE?l]#-§-: 20c£>234# g (EUX^^y^355# g ) (DArg^Gln^gi^SXfS 

(h) BH^IJ#-^-: 20(Z)298# g (EUX^^y^419# g ) ©GlnSrGlufcB&i-SX© 

(i) 8E?IJ#-^:20<£>325#g (EUX^/^y^446# g ) (7)Gly*5<J;tJ ? 326# g (EUX 

[0113] ^fc^mmmmm^2o^mm(DT^mm^\^i'^igG2mmmm^m^x, 

(a) ga^lJ^^-: 20(D14# g (EUX^/^y^l31# g ) (DCys^rSer^g^^Xg, 

(b) IB^IJ#^-: 20(D16# g (EUX^^y^l33# g ) (DArg£Xysi^^-f 5XfM, 

(c) SE^IJ#^§-: 20(D102# g (EUX^^I1^219# g ) (DCys^Ser^g^1-5X@ 

(d) IE^IJ#^|-: 20(D20# g (EUX>^/^y^l37# g ) (7)Glu£Gly^gi&-r5X^ 

(e) gB^IJS^-: 20(D21# g (EUX>^y^l38# g ) (DSer^Gly^gmXSX^, 
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(f) SB^lJ#^ : 20(D147# g (EU^^y ^268# S ) (DHis^Gln^g#H~5X^ 

(g) SE?!l#-§-: 20(D234# g (EUX^y^*355# g ) ©ArgSrGlnl^iSlfei'SX© 

(h) BH^IJ#-^-: 20W298# g (EUX^^U^419# g ) (DGln^Glui^g^i-SX^ 

(i) SE^IJ^^-: 20(D313^ g (EUX^^y^434# g ) (DAsngrAla^gi^SX© 

(j)SH^lJ#-^-:20(7)325#S (EU^-^y^446#g)©Gly*3«ttJ J 326#i (EUX 

[0114] &tefc&mn. m^m^:2o\z.mm(Dr^/mnm^-r^igG2^m^^^ 

f*^L^(DFc y R^<Dffi&&i&U£^:&jfm^m-t& (M86 A GK) 0 

(b) ia^lJ#^-:20(D210Sg (EUX^/^y^331) (DPro^ftjKDT^y^^g^XS 
IS, 

(c) gS^lj#^-:20<D218#g (EUX^^y^339)(DThr^ftil(Dr5:y^^SmX5 
IS, 

(d) IB?lJ#-§-:20<£>14#i (EUX^y^l31) <DCys&4&<DT^S&{Z.WM'i~& 

(e) SB^IJ#^-:20(D16#g (EUX^y^l33) ©Arg£:fi&<£>7^/ifcfc1S!fei*5 

(f) IE^IJ#-^: 20(D102# g (EU7^^y^219) (DCys^ftiKDT^y^^g^XS 

xm, 

(g) IB^IJ#^-:20(7)20#g (EUX^/^y^l37)»Glu^ftil(Dr^/^^M^X5X 

a, 
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(i) @E^IJ#-^- : 20<Z)325# g (DGly$L^326# g <DLys (EU^^y^4463o £XM 

g^^(DT3;/^{*#rPte$toV^S N 209#g (EUX^^y^330)(DAla^S 
er, 210#g (EU^-^/^y^331)(DPro^rSer, 218#g (EU^>^y^339) <DT 
hr^rAla, 14# g (EU^^^y>^13:L) CDCys£rSer\ 16#g (EU^/^y^l33) 
(DArg^Lys, 102#g (EU^^y^219) <DCys£rSei\ 20# g (EU^>^y^l 
37)GDGlu£rGly, 21#g (EU^-^^y^l38) (DSer^Gly^g^-f-5^/5 W^LV ^ 

o 

[0115] zhi^mmn, m^m^:2o^mm<^r^ymmm^-t^igG2^m^i^ 

&^M-T5(M40AGK) o 

(a) gB^J#^-:20(D14Sg (EUX>^y^l31) cDCys^ftJl<7)T^./^^M^X5 

(b) SB^IJ#^- : 20(D 1 6S g (EUX>^y ^1 33) (DArg^frjKDT^y^i-M^XS 

xm, 

(c) IB^IJ#^-:20(D102#g (EU^>^y^219) <£>Cys£rft&<DT?/B£f<:ei&i-5 

xm, 

(d) IB^IJS^- : 20(D20# g (EU^>v^y ^1 37) (DGlu^ffjKDT^/^^g^XS 

(e) gE?IJ#^ : 20(D2 1# g (EU^>v^y^l 38) CDSer^ftil<DT^/^rR^X5X 

(f ) lE^IJ^^" : 20»325# g (DGly^U«326S g <DLys (EU^^/^y ^446*5^1^4 
47)^tl£«XS 0 
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i\ 16#i (EU^^^y^^l33)C0Arg^Lys, 102#g (EU^^y>^219) COCys 
&Ser\ 20#g (EU^^!J^137) <DGlu£rGly, 21#g (EU^^^y^l38) COS 

[0116] ^mm^mfe. ±M^M^mm, m<DT%/mm^xm, ^©{iis^ 

[0117] <IgG4^^^(D^'|4^#Tt-*3(t5^^tt^f^_h$^:5^fe> 

*3BIEf33;fc, IE^lJ#-^:21^fB«(DT^/M^J^#-r5IgG4^:^^(Mol Im 
munol. 1993 Jan;30(l): 105-8.) ^*5V^T, 289#g (EU^"^^y^409# g ) COArg 

fix IB?IJS^-:21^faicCOT^y^IS^J(tHgG4^^M^)^*5V^T289#g (EU 
^^^y^409#g)COArgtrteCOT^/^^m^-r6X@^t?PS'9, fdKDT^/^ 

[0118] <IgG4^^M^(7)C^r^y^M^S*^5^xnv?^^^— 

te^l^tt, IB^^-:21^fSicCOT^y^SE^J^-r5lgG4^|M^(Mol Im 
munol. 1993 Jan;30(l): 105-8. )i-joV^T, 326#g (EU^^^y>^(D446S g ) <D 



WO 2009/041621 



83 



Translation for WO 2009/041621 
PCT/JP2008/067499 



IB^lJ#-^:21l31fBS^T^/^IE^I§r^r-r5lgG4^^^(Mol Imm 
unol. 1993 Jan;30(l): 105-8. )^*5V^T, 327#g (EU^^^y>'^(7)447# g ) COLy 
s*3j;tJ«/ / *fcfi326# i (EU^^^y^C0446§ g ) c^Gly^ti^SX©^ 

tpps«9, fe<DT^/^g^3raX-cfeJ:i\ T^/^gm<D^fem#}-Pte£;h^cD 

[0119] JS/c^MfX IE^J#-^:21^ffiic^T^/||tIS^J^WT5lgG4/t^Mi^(Mol Im 
munol. 1993 Jan;30(l):105-8.)l£*5Vvt\ TfBfcfBife©X5|£5r^t^ IgG4tf>SM4^fe 

S^fefe, SftWFcy <D^Sr{g«$^:5^^B|-r5(Mll AGK) 0 

(a) IB?lJ#-§-:21<£>14#g (EUX^y^l31) COCys^Ser^gl^rrSX^ 

(b) Ifi^lJ#^:21(D16#g (EUX^/^y^l33)(DArg^Lys^ei^X5Xf§: N 

(c) BB^IJ#^-:21(7)20Sg (EUX>^y^l37)(DGlu^Gly^g^X5X^ 

(d) IE^lJ#-^:2lCQ21#g (EUX^y^l38)C0Ser^rGly^gm-t-5X@, 

(e) Sa^lJ^^-:21(D97#g (EUX^/^y^214) (DArg^Thr^gl^rSX©, 

(f ) SE^IJ^-^- : 2 1 <D 1 00# g (EUX^^y 1 7) C0Ser£rArg(^g^X5 IS, 

(g) IE^IJ#^-:21(D102#g (EUX^^y^219)cOTyr^Ser^g^-f-5X|§: > 

(h) IE^IJ#^-:21(D103#g (EUX^y^*220) (DGly^Cys^g|^X5X@L, 

(i) gE^'J#-^-: 21(7)104# g (EUX^^y^221) COPro£rVaH-g^X 5Xf£, 
(j)BE^'J#-^: 21(D105# g (EU-^/^^222) (DPro£rGlu^g^-F5Xg, 
(k)IE^lJ#^-:21(D113Sg (EUX^^y^233)<DGlu^rPro^g#:X5X|§, 
(1) SE^IJ^^- : 2 1 CO 1 14# g (EUX^/^y ^234) (DPhe§rVaK-g#|-F5X^ 
(m) @E^IJ#^-: 21601 15# g (EUX^^y>^235) (DLeu^Ala^g#H-5Xf^ 
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(n)E?lJ#-i§-:21<£>116#B (EUXX^y^236) OGly^M-XSXfS, 
(o)|E^IJS^|-:21(D289#i (EUX^^y^409) <DArg&LysiZ.WMi~Z>TM.* R 

(p)gE^IJ#^§-:21(D326#g (EUX^y^*446) <E>Gly*5«J:t*327# g (EUX>- 

[0120] <IgGl^S^^^C^T^/S^S^S^i-5^n^^>f— SrjB^^-erS^ 

"C, 329#g (EU^>'^y^m46#g)(DGly*3«fa ? 330#g (EUXX^y^tD 

44 7# g ) (DLys&Xm^ZTM^te, ^ft^rn^r^-^&f 
SxfcMi-5o *^S^«©^fn^T^-^B^ff5^?i(4, BE^IJ#^-:19 
^fEft(DT^y^@E^J^^SlgGl^|ii^{-feV^T, 330#g (EU^>v^y>^(D 
447# g ) (DLys *5«tt) ? 329# g (EUXX^y ^(^446# g ) OGly&^ClR^-ErSX 

[0121] <igGi^^M^^r^y^m^i-5^l-J:«9m#;»jfl^[^±:-r5^-^> 

317#g(EU434)(DAsn^ffJl(DT^7^(-em-r5X^-atf, tfH$<DM¥oW}1l& 
£XIXV\ «l^(D^»]ti^n^XX5^i«, Xi£<£>X©3r^ipRB^ friOT^/ 
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^T^^T^—^i&m^^m^m-t^o (M83) 

(a) iE^lJ#-^- : 1 9(D31 7# i (EU434)<Z5AsnSrfifc<^>Ala^ttlfei~SXig, 

(b) IB^IJ#^-:19(D330#i (EU^^!J^(D447# g ) <DLys:}3«J:T*329# g (EU 

[0122] *mmn. ^m<Dm*^t?, EiM^^tttSo *mm<DUwm$&> 

mm, mmu mmm. sf-mmmi, #»u, mmm. -<^a\ b&js&u 

[oi23] m^(Dfc^(DmMU}^m^MmM^A<DXo^^/^m^^xm'^<DmMM 
m\z.^<>x^-r^k^x^ 0 



Translation for WO 2009/041621 
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, Mx.(^yy/^— r-80(TMK HCO-50M^fflbTfeJ;V\ 
[0124] itttt^LTildVi, ^mfi^&tf ^fl, ^flft^ij^LT^SWg^^/K 

[0125] S4i«tL<littnS4-C*^ JM^Ui, MMS-^JM, fejffi 

— [I]^O^{$Slkgfe^0.0001mg^l000mg(DfQ|3^^ $>5 
VMi, Mx.«\ S^fc^O.OOl^^lOOOOOmg/bodyCOlSIST^-^fi^jl^^^^ 

[oi27] ^p^^pe^fflv^nTv^r^y^a^^^fa^i^^^fs^^j^^T^M^ 

T/^^-^iArgiR 

T^/^=¥V^:Asp:D 
v^^r^f^ : Cys : C 
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>f;V5>^/ : Gin : Q 

ysls&^Wt : Glu : E 
^»^:Gly:G 

: His : H 
-fyn^»:Ile:I 
n^»:Leu:L 
y^:Lys:K 
^^^-i/ : Met : M 
y^^jVTy^ly : Phe : F 
^°ny^:Pro:P 
i?y>^:Ser:S 

MJ:7°R7r^:Trp:W 

^nvO-":Tyr:Y 

/^y^:Val:V 

[0128] J^T> ^B^fi^ttb^jjfeMCTJPS 

SR344(DfglM 



J.Biochem. 108, 673-676 (1990)-efR^$^TV ^>N^#£j!lJl# g #>k344# g ©7 
5:y^@a^lJ^>b^5"Sr^t4tHL-6R(j^Ts SR344) (Yamasakiib, Science 1988;241:8 
25-828 (GenBank # X12830)) (DCHO|0flS^S^^t^fEMbfc o 

SR344^§JaCHO|ffl^^^#^^clg L #_Lif Blue Sepharose 6 FF^7A^nv 
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20 mM hy^— pH S.OT^JtTitU/iBlue Sepharose 6 FF column (GE 



300 mM KCl#ftT^l^llSlSf^ c F"C> 0 Mfrh0.5 M^"C(7)KSCN(DEIMS 
^JlEi-J; 1 ^ PJ:#Lf^S^fiiLfc 0 KSCN<DM^IE-C?g£iiLfc®#£r, SR344 
i-tiW^Ml ^Western Blotting-C^if U SR344^^tfllf^§r^^fc: 0 

SR344^^-f-5i|#M^c#:^@^L^^77A{i, fe^C^TBS (Tris-Buffered-Saline 
)-e 5 F#ibLT*5V^ 0 itL^^^X@-e#ibttfcSR344pf^^:, Amicon Ultra-15( 
MILLIPORE, ft^M%vh$-7 10 kDa) l-J:5 Pg^ifl ^MgU TBS"e2-fBF^3RL 
T^»L/c 0 TBS-e^77A^fjfet#-m, 100 mM ^V^-^mMUMs pH 2.5T\ 

®3fLfc®£tr?£ffiLfc 0 ^fflLfcW^Ji, 1 M Tris N P H 8.1^^PL-C P H^cFttt- 
MLfc 0 #btb^®7>^SDS-PAGE-e^^b, SR344^^5®7><HII#5fco 

ilIgt1#^fcS5)(4, Amicon Ultra- 15 (5)^I^^^7 10 kDa) -Ci&SfigL 
„ PBS-e^F»>fbLfcSuperdex200^7^A (GE^/W^V^f fcSSflDLfc 

[0129] h hen 1 ^BaF3|i Aft flfc(£>ffi v. 

fcBaF33NBJia^Oi|ffl-l£*fTofc 0 

^fthhg P 130 cDNA (Hibib, Cell 1990 ; 63 : 1149-1157 (GenBank # NM.002184)) 
^PCR^J^itifilU pCHOI (Hiratab, FEBS Letter 1994 ; 356 : 244-248)(DDHFRjf 

2Zeo^n— pCOS2Zeo/gpl30^ttf HLfco ^gtML-6R cDNA&PCRfc 
<t«9iii|Sb^ pcDNA3.1(+) (Invitrogen)i^n— hIL-6R/pcDNA3.1(+)^f#^ 

10 ,a g(DpCOS2Zeo/gpl3O^PBSi^^U/cBaF3|0IS(O.8xlO 7 cells) i^-^U G 
ene Pulser (Bio-Rad)£rJt1 V ^T0.33 kV, 950 u FD(D^S"Cv^/V^.^Dx.fc 0 H/^fP 
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tf—U—>3^%im.lZ. J:<9mf5T-3#AbfcBaF3lBI^^0.2 ng/mL(Dmouse interleukin 
-3 (Peprotech) „ 10% Fetal Bovine Serum (l^TFBS, HyClone) ^^ifRPMI1640i#i& 
(Invitrogen) ~C— J^JIr^iL^ 100 ng/mL(Dhuman interleukin-6 (R&D systems)^ 100 
ng/mL COhuman interleukin-6 soluble receptor (R&D systems)^ ^1^10% FBS<ifa 

t?RPMI1640l^±i^Px.T3l&L, tbgpl30^^BaF3|PBJJMc(^T^ BaF3/gpl30)^r 
^AlL/to rOBaF/gplSOfi, human interleukin-6 (R&D systems)£Jj;0?SR344#^E 

[0130] CDB^M2d^2}hz^MM 

£i*#?#>fc % tHbPMl^C#: (Cancer Res. 1993 Feb 15;53(4):851-6) (D scFv ik£r 
VH X VLigi^PCR^J;o-Tiir|'SU y>#— IE^iJGGGGSGGGGSGGGGS ( 
SE^IJ^^-: 106) ^VH, VL^r^-itotM^PMl HL scFv£rf1^Lfc 0 
{^ML/ctbibPMl HL scFv DNA£ri|M^L-fcPCR^J:<9 x 4§-CDRT^y^c7)5~b» 

OPCRfc^oTfl^U assembly PCR^(-J;<9jg^LT#^b^ 0 — -OCDCD 
RO^^^^y— fb^^5J:5i-L^(j.Mol.Biol 1996 ; 256 : 77-88##) Q i;fc. 

Hot spotSE^ijcD^^^-^iE^ij^L^-r^y^-^ov^Tfi, Hot spotr^y^^ 

X&NNStLfc^V^— ^fflt^/cPCR^^IHti^ti^LfCo VHCDHot Spo 

tco^^^-r^y— , vLcoHot spot^^^^y--^;^ 

^^y—^^^Lfc (Nature Biotechnology 1999 June;17:568-572#%) 0 

^frLtbCD^y^V— £rffll\ J. Immunological Methods 1999 ;231:119-135}^Hl\ 
ribosome displayffl^-fV^y— £rf#^L/c 0 MMIfflflS^in vitro translation^? 
~jtz.&)\Z.^ SDAlE^Kribosome binding siteX T7 promoter Sr5 ' il[H^f\GtJPL N ribosome d 
isplayffl(7)y^ — ^L-C3MUi-gene3fP^IE^IJ^Sfi I^fflV ^ligation Lfc 0 
[0131] Ribosome displavtcl^rihT^^TV — scFvCDlg^ 
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Nature Biotechnology 2000 Dec ; 18 : 1287-1292 f^i§V\ ribosome displayi^JcS 
/^^y^^Tofc 0 MM£tlfcSRM4& „ NHS-PE04-Biotin (Pierce)^ffl V ^"Cbiotin 
itlM0.tl.ftc T7^*r>(— (Dm^^scFv&vjj^m^^-t&fcm^ JBC 2004 ; 
279(18) : 18870-18877£r##(3lU off-rate selection£rfTofc 0 BiotinfbljCjgfi^l n 
M N ^^fetMfi^rl uM x 4 th roundWJtt^Btr^lO 0/N^Lf- 0 
[0132] scFv(Dphagemide^(D#A^M^^ft. BP.ffJfigflf 

4 th round-C#btLfcDNA pool£r#|^U tMW^v- SrJBl ^TPCR-fS^ 
^=f9HL scFv^thL^o Sfi rCMftSU P^tHi-SH I^^-fbL^phagemide^^— p 
ELBG lacI-<^— (^AL^ XLl-Blue (stratagene)(^transformL/c 0 #btL7c=m:=. 
— 3:/BV\ phage ELISAi^S^MI^ttfF'fffiiHL scFvIB?Wfff^Tofc 0 J.Mol. 
Biol 1992 ; 227 : 381-388fcHl\ SR344^1 ug/mL-CcoatingLfc^V— V ^p 



[0133] scFvM^MHL^M^m^lMM 



fhfzLpxi— >-^oV^T, VFU 3oJ;TX VUfc-Ztls? fLPCR^^oTiirtiflb, Xhol/Nhel 

MibfeJ:^EcoRiMib^J:^ft^lPa^^mffl^^-i-#ALf' 0 #DNA#r>f<£>i£ 

SjlB^'Jf^ BigDye Terminator Cycle Sequencing Kit (Applied Biosystems) ^r^V \ D 
NA->— ABI PRISM 3730xL DNA Sequencer^ JiABI PRISM 3700 DNA 
Sequencer (Applied Biosystems) KX, i^tfcK#1B4fe<Z5;fr^fct£l^^Ufco 
[0134] leGm.fdrnfoCD&tt 

itrogen)£rl0 % Fetal Bovine Serum (Invitrogen)^r'a £pDMEMi§Jfi(Invitrogen)^M 

5~6 X 10 5 f@ /mL(D^|BJIS^S"C^^lBJ3affl7 :i V^v'^(ii:#10 cm, CORNIN 
G) (D^xV^^-^lO mLfoi^KO 4>3r^^<— (37°C, 5 % CO ) \HX 

2 2 

—M&^WJfc&fc-* tfiffi^B^IK^U CHO-S-SFM-lKlnvitrogen)^^^ mL 
SrafeDOL^lo f^ML/--^^KDNAi^^m(^ff 13.8 ^ g)^l # g/mL Polyethylenimi 
ne (Polysciences Inc.) 20.7 n L^CHO-S-SFMIIig iffi 690 n LttSi-a LTSfilO^ffTJ 
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ilLfcfc^^fV^^^MS-SAt, 4~5H#Rg, CO -f^^-<— ^-(37°C 

2 

\Z.X5 % CO ) rtTMV^r^— fbfCo ^r»tJL CHO-S-SFM-II (Invitrogen) t#ifi6.9 

2 

mL^^DL-C, 3 0 R9 CO ^-rt-Ci#jtL/c 0 ^_h?t^tHiRb^, 

2 

il'L^lIf 0^32000 g, 5^f^ ^^LTtM^^U £ *b J-0.22 n m^/I^— MIL 
LEX(^«|gtI)-GV(Millipore) ^iiL~OML/c: 0 ^^^tt^-r5^-C4 0 C-C 

[0135] IgGjLL^^MM 

^bfcf-i#^±.inKTBStpKmM£l£fc50 n LOrProtein A Sepharose™ Fast Flo 
w(Amersham Biosciences) ^ri^PU 4°CX4^f3^±.&\'M^ULfc 0 
2nm(D-y^7V^^ ^7^Ultrafree(^^jS^)-MC(Millipore) i^#U TBS 500 u Uz. 
X3\mtfc¥frik. rProtein A Sepharose™^! fclOO u L(D50 mM ^W.-f'hV^^M^m, 
pH 3.3ia»LT2^ffiit£eLfc<D^ m^&i%Bi^fc 0 \K1bK s 6.7j^L(D1.5M 
Tris-HCl , pH 7.8^D^TcpfPL/-- 0 I£ttif32|ltff V\ 200 u LC0|tMfel^#fc: o 
^{$^^tf?§tf£2 ^ L^ND-1000 Spectrophotometer (NanoDrop) „ $?2>V M350 n 
^•7L:^iSf+DU-600(BECKMAN) i^ftU 280 nm^<D^3r:,g£r$!J;£L.fc 0 

tflfomgt (mg/mL) =mjt& X »t14.6 X 10 
[0136] IgG-fKL/c^P— ^(DbML-6^-ir^"^ftfe^f¥lffi 

IL-6/IL-6Uir^~ #c#t£if BaF3/gpl30£:fflV^T, IL-6W?^— cp 

WS'ffi^rWfffiU/Co BaF3/gpl30^10% FBS^r^tpRPMI1640i^flfiT?3[Hli5fe^-Lfc:^(J: 
, 5xl0 4 cells/mL<^5J;5^60 ng/mLChuman interleukin-6 (TORAY), 60 ng/mL 
«|ltiTO4tML-6^/^- (SR344) *5 J; 1^10% FBS^a tf RPMI1640lg L lft^ 
96 well-plate (CORNING)<£>#wellfc50 u L"f o#&Lfco #C{^ ftML/cijL 
f$^10% FBS^tfRPMI1640^#^L-C, #welH-50 jtz L~f 0?B-^Lfc 0 37°C, 5% C 
O IfefFT'C, 3 0 5Hig-#U PBS-C2^(^#^L^:WST-8|^^(Cell Counting Kit-8, 

2 

^^#f±l^fcffc^W^!)T)3:20j[z L/well-C^Px., E@H-SUNRISE CLASSIC(TECA 
N)^fflV^T450 nm(D^^ (#0^620 nm) 3r$lJ^L.fc 0 20#fmt«Lfc^(-, # 
S450 nm«^ (#f$fcft620 nm)£r$J^U 2l^f!g<D®}fcS^fc2r}f 
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O7"c o 

[0137] IeGiKLfe^n— ^(DBiacore^J:?)Tv , ^^7"^— fe^ff 

f&&ffiW&M£y)hMfi^Tch<Dfo^\,^TB]acore T100 (BIACORE) ^ffll^C, tfi 
WMW-Rl^^M&tm^M^n-of^ ir^— f-yZf±\ZL rec-Protein A (ZYMED) 
(J^Tx Protein A)^rl800RU^^2600RU@^kL, %:Z.\ZM* (DtfLfc&ffi'frZTt , ^ 

<Z>9kBt\ZM$gLiZ recombinant human IL-6R sR(R&D systems) (J^TrhIL-6sR) £rffl 

my^n±x25X:xn^fc 0 m^xnhthfc^^—^^b. #^tv^ 

-vibz>i&&mm7£9k k (i/ms) , *3j:^fgt mmmk k a/ s ) 

a d 

U K (M) ^tbbfc 0 #^7;*— »lfl±U-«: Biacore T100 Eva 

D 

luation Software (BIACORE)^ffl V ^7t G 

^<D^m> tHbPMi^ (if : wt) tttm^T7>r~T>r~<Dm\,^fctiqgm 
DM 



k a (1/Ms) 




(1/s) 


K D (M) 


WT 2. 8E+6 


1. 


8E- 


-3 


6. 5E-10 


RD_6 2. 3E+6 


2. 


8E- 


-5 


1 . 2E-1 1 



[0138] mMM2^&cDR&m(Dm&&fr^K£&fomffi'&mcD\ti}± 
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&3iZLl'±^ QuikChange Site-Directed Mutagenesis Kit (Stratagene)^rffi V '•"C^ S&fvUft 

mmmm^mx\ {«l^h(wt)^«(h(wt), i&m&m^-. 107), *3«t 

U\ L(WT)^bI^|S^(L(WT) % igSlB^IJ#-^-: 108) l^M^AUfc, g fj^(Dth 

bp) (DDNAfff/f^QIAquick Gel Extraction Kit (QIAGEN) ^ffll^T^#fftK#fHft 

^^§?a^<^^— ^j^Mbfe 0 jg^SJ^fiRapid DNA Ligation Kit (Roche Diagnostics 

BigDye Terminator Cycle Sequencing Kit (Applied Biosystems) ^rffll\ DNAv^— 9 
^-l/^r — ABI PRISM 3730xL DNA Sequencer^/cflABI PRISM 3700 DNA Sequence 
r(Applied Biosystems) \Z.X^ Wtft^SfEft^feS^V^^Lfc. YtW^f^U 

[0139] tHL-6U^*~frfpffit$lM 

mm^fcm^^a^^wm^Mim^^^mxn^tc 0 ^ffu human i 

nterleukin-6 (TORAY)3gS£:600 ngAmL^LT^ Wrftt^Wfffi^lTo/^ WT^Jfcifc 

LxM^^i^^-rmwi^mmm^n, ^tbb<DCDRnm^m5iz.^tc 0 ^ 

<D^X%mi\ ^gtt^bfc^#:tL-CHiI^RDC_5H, L#U3LRDC_llL£fl!V ^tittfc 
(RDC_23£-T5) (DCfJ^P^tt^H6^^L^ 0 RDC_23{iWTtJtKLT100%|5aWai 
^^LT^lOOi^^V^tt^itort^F^b/O^^o^o HgU£RDC_5H, L§|^RDC_ 
llL&fflV\fcffi#:Tfo5RDC_23<D^&ibi\ H0^RDC_2H, RDC_3H, RDC_4H N R 
DC_5EK RDC_6H, RDC_7H, RDC.8H, RDC.27H, RDC.28H, RDC_29H, RDC_30H, 
RDC_32H, L0^L(WT)^rfflV^c^L#:(^rfL^tX> RDC_2 S RDC_3 > RDC_4, RDC_5, R 
DC_6, RDC_7, RDC_8, RDC_27, RDC_28, RDC_29, RDC.30, RDC_32i:-f 5\ 3oJ; 
I>\ H®}CH(WT), L^^RDC_llLtrfflV^^L#:(RDC_ll^-r5)^SoV^T^^fP^tt 
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[0140] ProteinA^fflV^fcBiacore^J:6T7^^^— fe^ff 

^fP^t4^ s fB]-bLfc^L^:(7)5^RDC_2 N RDC_3, RD C_4 „ RDC_5, RDC_6 N R 
DC_7, RDC_8, RDC_1U RDC_23l^oV^T Biacore T100 (BIACORE) ^rffiV^T, tfh 

c-Protein A (ZYMED) £r 4400 RU frh 5000 RU @^>ffcU ^ZHzM* <D&lW%:1t£ 

#t»tL/cir^-^A^^, tM^tV^^^— -CfcSM^M^ifc k (1/ 

a 

Ms), tsxTimm&m&k k u/ s ) ^iiiiL, -^g^b^ k (m> mut 0 # 

d D 

'* t 7*—?—<D&.Bl\Z.t3: Biacore T100 Evaluation Software (BIACORE)£rfflV\fc„ 
<£>*n^ ^MSBff^rl-M.^ ^t?^:/cRDC_2, RDC_3, RDC_4, RDC_5, RDC_6, RDC_7 
, RDC_8, RDCJU RDC_23 fil^BfidB'J^Lfc ^M@Bff^ s 1^0f"CfeSRD_28 <W£) 
/h&V^ K jjt^rWLTV^fc (^2) 0 -^rCO^-efeiSV^r^^^— ^LfcRDC 23fc 

D 

[S2] 



+f>-fJU ka ( 1 /Ms ) kd (1/s) KD CM) 



RD_28 


9.4E+Q5 


1 


.1E-04 


1 


.2E-1Q 


RDC_2 


1 . 1 E+OB 


2 


.5E-05 


2 


.2E-1 1 


RDC 3 


1 .DE+06 


3 


.7E-05 


3 


.7E-11 


RDC_4 


1 .1E+06 


2 


.9E-05 


2 


.7E-11 


RDC_5 


1 .2E+06 


2 


.8E-05 


2 


.2E-11 


RDC 6 


1 .2E+06 


3 


.5E-05 


2 


.9E-1 1 


RDC 7 


1 .1 E+OS 


4 


.2E-05 


3 


.8E-11 


RDC 8 


1 .4E+06 


3 


.BE-05 


2 


.5E-11 


RDCJ1 


1 .1E+06 


7 


.OE-05 


6 


-5E-1 1 


RDC 23 


1 .2E+06 


3 


.1E-05 


2 


.5E-11 
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(HCDR2) 

IB^lJ#^-:45 YISYSGITNYNPSLKS 
(HCDR3) 

@a^lJS-^-:57 LLARATAMDY 
IB^lJ#^§-:58 VLARATAMDY 
IB^IJ#-^-:59 ILARATAMDY 
@a^lJ#-^-:60 TL AR AT AM D Y 
IB^IJ#-^-:61 VLARITAMDY 
@B^IJ#-^-:62 ILARITAMDY 
SB^lJ^f-^-: 63 TLARITAMDY 
IB^IJ#-^r:64 LLARITAMDY 
(LCDR3) 

IB^lJ#^-:79 GQGNRLPYT 

-tt£t>'hs HCDR2(D9S g (DT^Y^^Asn-lrfe^, HCDR3(D1# g COT^/^^^Le 
tu VaU lie, ThrCQV^-f^^^iltR^tt, HCDR3(D5#: g (DT^Y^^Ala, IlecDV^ 
i*ft/&>a*k3g^£;i'U LCDR3<m# g cDT^/^SGly-efe^ LCDR3<7)5# g ©7^ 

[0141] Protein A/G»Hl ^/cBiacore^ £^T:7^^ — M*fr 

Biacore T100 (BIACORE) ^fflV^T, WT&£TJ i RDCJ23<DfoJ%fofofcjfc<D&lg.WB 
l^?#T^iTo/c 0 ir^i^—^5/^_h (^Purified Recomb Protein A/G (Pierce) C£*T, 
Protein A/G) ^H^fcU ^i^*0^#£jjg<gs*ii:, ^ ^Jj^T^-fr-^L 

R (R&D systems), 3oJ;l>\ ,mm^^MlL-6^^— (^JfeMl ^*5V ^TflMb^ 
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SR344) \fco ^^nr^/W^^g !tl <fc9j^££;ftfcrhIL-6sRfiifof 

i^MiffV ^^,^"e«rhIL-6sR^SR344(D^r:Kf«^||ffiL/c 0 

f( k (l/Ms) , *5«tt^*PfStiiS^fC k (1/s) Srl^U ^COm&htK K (M) 

ad D 

tfJLfc D &'-*7*~- ^ — (D^tti^fi Biacore T100 Evaluation Software(BIACORE) 

^-^fi, T^^^y^&i-J:^ Protein A/G ^CM5 (BIACORE) K 
m 3000 RU @^^-f-Sr^-ef^Bb^ 0 ^SLfciryf-f^ffllT, Protein 
A/G J^^i^fcfevffc (WT b RDC_23) b rhIL-6sR teXU SR344 (D2WM<7>*IM 

HBS-EP+ ^fflV\ WMl~± 20 ^ L/min bLfc 0 ^-^f^fi Protein A/G fcjfa 100 RU 
ffi£-t&£?mMl,fc 0 T-r^htLXm^fc rhIL-6sR n HBS-EP+ ^fflV^T, 0, 0 
.156, 0.313, 0.625 u g/mL i^fSMU SR344 \*± 0, 0.0654, 0.131, 0.261 u g/mL 
f^Lfc 0 SlJ€«*-f i ^<^trL^T?fe5 WT £ RDC.23 ^Protein A/G 

, ^^r-r^^vmm: 3 ^tgafpffl^, hbs-ep+(biacore) \z.*m 

10 ^ra«¥8t+B^S'J^bfc 0 ffimm<DMj£W:T'&. 10 ^ L <D 10 mM glycine- 
HC1 (pH1.5) Tift^U -fe^-^^ 0 ^S^L/c 0 i(D|S^-^8l -n^^(D 1 

WT b RDC.23 ^^^^^oV^T^cDi^^/ki^oTS'J^^rtlVX rhIL-6sR 
IF SR344 (D2SIS60Bl^MlL-6Wir^— ^oV^T#btLfcir^— ^AtrEl8, 
H|9, HI 10, *5j:t>\ ill^Lfco Uhtlfc^^— ^Af-oV^C, Biacore # 
^flf^ffy^h^^T-efeS Biacore T100 Evaluation Software^! I ^TiES 
fifflW^H¥#f^iTof-(^3) 0 W^JP:, rhIL-6sR£SR344<Z>jt$^:£l^T, WT3o<OT 
RDC_23ife^SR344^fflV^fa5^#btL5T^^^— ^ 2 ~3{§ii<^5rt^F^ 
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£>#*£&ofc 0 RDC_23ttrhIL-6sR<lrSR344C0M^"{^*fb-C, WT£JfctfcL''C40~60fi!f 

W&fl^ftolfco ^^Ilit^iK-^Tte, SiJ^tt^T37°C^*3V^-C > SR344*5j:tJ« 

protein A/G^m\^fd^WMW-U.^M^^^M^^0^tt^ o 
S3] 





7 ±^4 h 


K d/Ms) 


k d (1/8) 


K D (M) 


WT 


rhlL-6sR 
SR344 


1 . 3E+6 
4. 9E+5 


1 . 5E-3 
2. 0E-3 


1 . 2E-9 
4. OE-9 


RDC_23 


rhlL-6sR 
SR344 


1 . 6E+6 
6. 4E+5 


4. 5E-5 
4. 3E-5 


2. 8E-1 1 
6. 7E-1 1 



[0142] CHJSM3]CDR*3«tCK7U— A?— ?&m^£&M^W}W.(Dfa±.t1k^m f 5i ] J*?& 
f£D^$ii-7cH53/L28^iiJM 

Cancer Res. 1993 Feb 15;53(4):851-6(-*dV ^TfcMfc£frfc^*PMl#tffc (JP^^W 
ild type, WT^H§, Hg|WT^H(WT)^U L0WT^L(WT)^^5) COM^0W}W.(D\pi±, 

[0143] bf^KPMl^^tDAl^f^j^^^/^tDl^M 

«C^^tMbPMl^^(H(WT)/L(WT))(D^^^^ffi(-«m-r6T^y^aS^ 
SfegB't" 5fc£>^ MOEy^hr>^T (Chemical Computing Group Inc. )^JlV^T, 3$*^ 

[0144] ^^mmMmmMM^MLMMMMmnMM 

mM^^^Xn^m^Mtfl-t&T^ymtDtpX, H16, H43, H81, H105, L18, L45, 
L79, L107(Kabat-b^^y^\ Kabat EA et al. 1991. Sequences of Proteins of Im 
munological Interest. NIH)#^ CDRgE?IJ£LTf3:H3U H64, H65, L24, L27, L53, L 
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[0145] WYPMim^n^-^r^^^WM(Dm^k 

tbfbPMl^#:{i^f>^PMlfex#:^rthfbLrcfei#:ia^lJ"efc5 (Cancer Res. 1993 Fe 
b 15;53(4):851-6) 0 tb^PMl^C{$(DH0(i N thtti$^^Mi&X&&NEW(D7U— 
A 17— ^^CDR^^T 1 ^y^LTV Hf|<DH27, H28, H29, H30, H71(i^t4 

^IJfi^^{m^^VM5ifg;V^%XLP?n6fcfe, H27, H28, H29, H30^th|E^- 

[0146] fcMkPMlM&tP^^#.lBl-h£r g ^LfcBfc^ffiHlf (Dill^ 

g^. ^ jgco^^b, HCDR2(D=i^ir^^sa^ij^(7)afe^i-5r^-e^^i 

gc^-fb) , L93(D^V^^^iry>'^(Dgife(^rSatliaS^ria^b"r5^i^ 

[0147] fcMKPMljrTtisroin silico^^ft'lftifofcT-cell^tf 

ttC£> ^tMbPMlfei#:(H(WT)/L(WT))CO bX^^^^tTEPITOPE (Methods. 2004 
Dec;34(4):468-75)^fflV^-C^#f^To7t 0 Jjfe^ LfCCDR2i^ #<OHLA^|S 
•^i-5T-cell^fc:°b— /^#ftt5r^v^tlfco "t~"C, TEPITOPEflftff i-*5V^T 

[0148] ^Zj^r yjP^iloiP^ 

— "lx<^li$ : ^"CV ^SKabat Database (ftp://ftp. ebi. ac. uk/pub/databases/kabat/) 
*5i;mMGT Database (http://imgt. cines. fr/)£K>thtti$T^J^M^lT^¥$:A 
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DM 



H53 


SOURCE 


mm 


FR1 
FR2 
FR3 
FR4 


Germline : IMGT_hVH_4_b 
Blood 1996 33: 4620-4629 

Germline : IMGT_hVH_4_b (^1-171 &HB94KK) 
J IMMUNOL 142: 4027-4033 (1989) 


QVQLQESGPGLVKPSETLSLTCAVSGYSIS 
WVRQPPGEGLEWIG 

RVT1SRDTSKNQFSLKLSSVTAADTAAYYCAR 
WGEGJLVTVSS 




L28 


SOURCE 


mm 


FR1 
FR2 
FR3 
FR4 


Immunology. 1988 Aug; 64(4): 573-9 
Germline : IMGT_hVk_1 D_8 
Germline : IMGT_hVk_6D_41 
J. Exp. Med, 1997 185: 1435-1446 


DIQMTQSPSSLSASVGDSVTITC 
WYQQKPGKAPELLIY 

GVPSRFSGSGSGTDFTFTISSLEAEDAATYYC 
FGQGTKVEE 



mb/cSE^J(SB^J#-^-:127)(^5r^^Bjf^^%^P 3 ^ o §^(-H53(DFR3(DH71 

<DArgfel&&?£&\Z.MM'V$>Z>1tib (Cancer Res. 1993 Feb 15;53(4):851-6) , H7lfr> 
Arg-Cf*T^^-CV^thVHlf-^>^(DFR3@a^lJ(ia^lJ#^-:128) > feSV^fi, 
VH3-f"^^(7)FR3lB^J(IB^J#^-:129)^>lV^r^-C > H£L Llit^fe — A 

[0149] ^CDRjElll^M^ 
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m5i 



H53 


ib m 


CDR1 


DDHAWS 


CDR2 


YISYSGITNYNPSLKG 


CDR3 


SLARTTAMDY 






L28 


IB *l] 


CDR1 


QASQDISSYLN 


CDR2 


YGSELHS 


CDR3 


QQGNSLPYT 



[0150] &®m^mm^?~frm-mm-mm 

^/^IB^IJ H53 104, L28 BE^J#-^: 105) — Ki~3l&#>>NBI&3B3UB 

[0151] ^a^mM^s^Mflu^flm^gii^^MS^Mii 

Hj^^T^^So^fTofCo Phastsystem Cassette (Amersham Biosciences^®) ^rffi 
V^TJ^T<7)^fl^"C30 minfa^fPhast-Gel Dry IEF (Amersham Biosciences^®*)^* 

^yQzK 1.5 mL 

Pharmalyte 5-8 for IEF (Amersham BiosciencesfiM) 50 u L 
Pharmalyte 8-10.5 for IEF (Amersham BiosciencesliM) 50 [i L 
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flt^Lfc^7l^fflV^TPhastSystem(Amersham Biosciences^MM-J^fiAT^^n 

Calibration Kit for pI(Amersham Biosciences|iM)-iH!£ffl L/c 0 
Step 1:2000 V 2.5 mA 3.5 W 15°C 75 Vh 
Step 2: 200 V 2.5 mA 3.5 W 15°C 15 Vh 
Step 3: 2000 V 2.5 mA 3.5 W 15°C 410 Vh 
faWj&WMttO % TCA-CS^L/ctJL Silver staining Kit, protein(Amersham B 

t>, WT^^T^y^Bm^J:^^m^^2.7fgTL/iH53/L28^S#b^/c 0 ~ 
(DH53/L28(D"i5X^^i^(VH, VLIB^J) <753S!j^H^^GENETYX(GENETYX COR 
PORATION^J^f+lfL/^r^ ati^^®^Ji4.52-Cfeo^ 0 WT^i^t^^ 

9.20-efcsr^^, wT^^r^/^mi^^J:«9BT^is^(Da^s^^4.7teTb 

f'H53/L28^^4i^^L^ o 
[0152] H53/L28(DbHL-6Ui^°^ — ^□ffit^f¥lffii 

WTiH53/L28^r||JiMli-^-f"^"^-elllfeL^i 0 ^^B112i^Lfc 0 Wlfc^k 
, 3fc^^#:H53/L28{iWT£ifctfcLT, BaF/gpl30<D^ fn^f£#^g[R]_hLTl^^ 

[0153] Biacore^cj:?)H53/L28(DEML-6^i?^— ^M±^T2dlSL£d^Z jiffi 

WT^H53/L28(DtML-6Hr^°^— ^(DHfPt4fF#fi N Biacore T100 (BIACORE) 
^fflV^TiS^Hro^fff^ff ofc 0 _b {^Purified Recomb Protein A/G 

(Pierce) (KT> Protein A/G) ^H^fbU (Dtfifc&ffi^lt s 

^MLfc|§.m^"ST^MlL-6Hr^— (SR344) SrJB V \fc 0 71 2 £ 

^btbfcWT^H53/L28<Dir>-f— ^A^rg] 13i^b/c 0 Biacore #ffl©f^^ 



WO 2009/041621 



102 



Translation for WO 2009/041621 
PCT/JP2008/067499 



$?#fy^h^T-efe6 Biacore T100 Evaluation Software^ V ^T^iXfm #f 

D 

L28f£WT£ifc$fcLT, ^MfiT^oo, 6§gS77^^- ^rfaii^Sr 
DM 





k a (1/Ms) 


k d 


(1/s) 


K D OH) 


WT 


4. 9E+5 


2. 


0E-3 


4. OE-9 


H53/L28 


7. 6E+5 


5. 


2E-4 


6. 8E-10 



[0154] H53/L28QTEPITOPE^J:^)T-cell^tfh— 

H53/L28(DTEPITOPE$?#f (Methods. 2004 Dec;34(4):468-75) ^^llfc 0 %:<D1& 

[0155] H53/L28(Dl« W^Mi 

B^^trT^H53/L28(DiE^-^t>^ J fn,4f43g|]fMI¥lffi 

^m^^teT^^^^^^H53/L28(Djk^^0^'|4trf?tf«^J6(- N WTi 
efe^f*H53/L28»E^^^^^^^5lk|t4 I ftli»^^tTo/-- 0 

WT*5j;t^H53/L28^^ r >^(C57BL/6J > 0 Jf.^-^— /W*!^*— ) fcll mg/kg"CfSHUR 

rt^J;U«>ST(-^lHlS#LS#Bu*3J;t/S#mi55>ra, 20#re> 8H#p^ % i 0 re, 20 

re, 5 0 re, 7 0 re, 14 0 re, 21 0 re, 28 0 m^m^n^t^ fc^u£#^i5#re 

ttiIrtS4Jf©^^bliLfc 0 «L/clfc«ii:^4 0 C, 15,000 rpmT15# 

^^ioM cpM^riy^dELISA^^Triy^L/Co ^-f Recombinant Human IL-6 sR 
(R&D Systems^® ^EZ-LinkTM Sulfo-NFS-Biotinylation Kit (PIERCE|±M) £rffl 
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V """CBiotinf bC/c 0 ^OBiotinT^human-sIL-6R^rReacti-Bind Streptavidin High Bindi 
ng Capacity (HBC) Coated Plates (PIERCEi±$!0i-^&U ^UXl^F^-tnWl- 
human-sIL-6Rg|ffiik^V— h&ftj&Lfto tiaM*PWk&.bL,X3.2 > 1.6, 0.8, 0.4, 0.2, 
0.1, Omiig/mLCD^mB^Pt-t^^skmM^^Pt^MML-, human-sIL-6Rg|ffi 
ikZfU~WZ&ms&.U'VlB$fflW>igLtc 0 ^ (D ^Anti-human IgG-AP (SIGMA|±® 
^ix^c?^, BluePhos Microwell Phosphatase Substrates System(Kirkegaard & Perr 
y Laboratoriestt^^r^W^LTjlV^feS^^TVX -^^n^V— HJ— \Z.X 
650 nm(D@^S£r$J;£Ufc 0 ^^jfiL^^^Sfi^i^^^^^^^y^h^ 
^TSOFTmax PRO (Molecular Devices|±M) ^fflV vC^LfflL-fco WTfc £0«H53/L28 

15i^L/i 0 

)^#^^v^#^?tff^fv^^tijfl^^^^— ^-(auc, ^yr^^(cL) 

, ¥M^(Tl/2))^#mb/c 0 Tl/2«^(D3^L<ttWinNonlin ^gSb^/tb/c 
IHffi©ii^lI^bI[liLfc 0 BA(i|f|lRrtS#m^AUC^^]-r5^TK# 

[*7] 





iv 






SC 






CL 


Tl/2 


CL/F 


Tl/2 


BA 




mL/h/kg 


day 


mL/h/kg 


day 


% 


WT 


0.177 


18.5 


0.180 


14.7 


113 


H53/L28 


0.102 


23.5 


0.086 


29.7 


121 



H53/L28<D#MrtS#^^«^^M(Tl/2)fiWT(D^1.3i§^MSL, 
^^^)S^i.7f§fg^-C/c 0 H53/L28©^TS J ?-^^Tl/2{iWT(D^2'f$^MSb, ^ 

/L28(D^ttM^i|'Si-l^±^«r^^tii5f5/- Co 
H53/L28«, tMbPM-l^f$:(WT)£J:t^L-C, ^^P^tt^fRlJl^^, 

—mt-xib^b^. mmFukLxmmi-&±.xH53/L28xmmLfc?km~imtbx 
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[0156] mMimmmw-tDi^m 

±^^Hm.2^m. Lm.2^pjf, ^f+4^<DCDR<D^M£2SALfc 0 H53/L28(CRDC 
_23<D^^^AL/cH§^PFl_H^U H53/L28{^DC_23<D^^#AL/cL#^P 

fi.l^u ^^w^m-9B^-nmnmMmii^m\^fc^m^mmvfc 0 pfi_h 

[0157] tHL-6^i?^°y — tpfpffitfrfpfffi 

^SLfcPFl^f$»^fP?rttt<Z)M^||jteMlf-^i"^fe^To^ 0 fcfcU hum 

an interleukin-6 (TORAY)^J^£r600 ng/mLf^LT^P^tt^fTtf £fTo/c 0 WT^P 

FlC0cpfP^ffi^rmi6^Lfc o PFmWT£Jfc$fcLT100%IM*ft£LT^100~ 
lOOO^tD^ft^tor^^f^^^-^o/-^ 

[0158] Biacore^±^ PF1 tt,fc(Dth\L-6U^zf#~lZ.tt^&T7^ s rs~Mtif 

Jf-mi£feMMn2hmWk<Dm^ft^f-o ^-^^^r-l^li hbs-ep+ £r 

fflV\ 5fci£fi 20 a* L/min£Lfc 0 #£vffc{i Protein A/G fc$J 100 RU rr^-f 6£5 
i)fML/c 0 7t7-fhttTffll^c SR344 HBS-EP+ ^fflV^T 0, 0.065, 0.131, 0.2 
61 u g/mL \Z.m^f'o M^-i^-T ^L^^^^rProtein A/G {O^^, T 
•b^M^» 3 ^mW^m^s ^(Di& HBS-EP+ 10feL<tt 15 9? 

t^MW^^WilE\^f^ 0 MW^^mf^l^ik. 10 n L O 10 mM glycine-HCl (pH1.5) 

Biacore fffl^f- ^#¥#f y^h^^T'TffcS Biacore T100 Evaluation Software^ 
V^T^^r^^^¥^^To^^^WT^H53/L28(D^^i^^T^8^^L^ 
o ^r<D*p^:> PFKDT^^tV— teWT<b*fctfcLT, ^150ffi[R]_LLTV^r<t^F^b 

-1—^0^23, 33<fO* N ^^ftti^[B]±^i^E-Or7^^— #S[p]_hLfcH53/L28 
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[*8] 





k a (1/Ms) 


kd (1/s) 




m 


4.GE+D5 


2.DE-D3 


4.DE-D3 


RDC_23 


B.4E+D5 


4.3E-D5 


B.7E-11 


H53/L2B 


7.BE+D5 


5.2E-D4 


B.BE-1D 


PF1 


1 -3E+0B 


3.5E-D5 


Z.7E-11 



[oi59] PFim*<D^^mmmm\j?(Dsaiz£&m^mw 

f^^'ffi^rpl1M^(Tmjii)(D|?fffi^To/c 0 WTirPFl(D|fMfelf*^20mM sodium acet 
ate, 150mM NaCl, pH6.0<D^^S^LT3g|#r(EasySEP, TOMY)3rfrl\ $j0.1mg/m 
L©^y/^IIS-C\ 40 0 C^^100°C^-Cl°C/min(D#S3lS"CDSCaiJ^fTo^ 
o -?T<^JI^ WT(DFab$|35>(DTm'f|i:«7^)94 0 C-efe 1 9 > PFl(DFab§P5>^Tnij|Stt91 0 C'e 
fc3r£#S#a>ofc 0 — ^^^IgGl^^°(D4lif$^^(DFabfP^'^Tmj|tf^60 o C~ 
85 0 C^|5ffl{-fe5i^^(Biochem Biophys Res Commun. 2007 Apr 13;355(3):751- 
7. N Mol Immunol. 2007 Apr;44(ll):3049-60) , %btbftPFlfofc<D%!&fefefe^1IBL 

[0160] PFia^ait^ ^mmm 

mM histidine chloride, 150mM NaCl, pH6.5(DWWfcM LT3S#f(EasySEP, TOMY) 
fet^:WT*5j;OTFl 

ISIifM : 20mM histidine chloride, 150mM NaCl, pH6.0 
jft^:145mg/mL 

&&mMk$lffl :25°C-2M, 25°C-4M, 25°C-7M 
^^ffcfrWi : */XTJ* Waters Alliance 

G3000SWxl(TOSOH) 
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#fttB 50mM sodium phosphate, 300mM KC1, pH7.0 
WM-^M 0.5ml/miru 220nm 

initial mnmmmk) &&xf&&ft^&&<Dmm<r>^&fo^m&±&<D? 

Wi-r^^Mi-feV^Tffi^TrftV^^'ft^^^^^^o/-^ WO 2003/039485^ 

331 vC\ IgG(D?ftli^M^J^tT^T1-±rrT$nTV^Daclizumab(D100mg/mLM^y 
<Z>25^fc:fefr5^^t£^— W^JvCV^Sfl^ Daclizumab(D100mg/mLM^Jfi25 
°C~l^M fcfc«9<D#'^^ii^P*fi^j0.3%T?fc«9, PFlJiDaclizumab£Jfc$fcL-0&ilJ$g 

gc^tt<7}faii^ B ftfc&^&>!ni&fc#^"Cfc5fl5, H^100mg/mLJ£*_h<Dffi?! 

[0161] [^^M6]PFl^f$(7)tHL-6l-ir^ — h^^^^^y^^r>^(-j;5PK/PDt^^ 
ML-6 — h7^^-y^v>^^ Jfl V & [*3 jfa iMj 

WT*3«J;tJ«||JiM5-T?f^^LfcPFl^oV^T^ tML-6Vi?^-f7^^^^ 
-^r>^(hIL-6R tg Proc Natl Acad Sci USA. 1995 May 23;92(1 1):4862-6) \Z. 

S3ft5fls r , 3l!iSS*3«J:U ! thRr^ilL-6V-fe^— (Dvivo-ecocFfof^^I¥ffiF^o WT 

*5j:U«PFl^hIL-6R tg^^^^lOmg/kg^Mrtf-^lHlS^-LS-^BU^J:^^- 
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^L/cjfc^fiE^-^C, 15,000 rpm"T?15#ra3&fr£»HliU JfiLtft*#/c 0 5>Stb/ct&L 

^^ikm^M&w\^nEusAm^xm^fc 0 M.m^WkMtvxeA^ 3.2, 1.6, 0 

.8, 0.4, 0.2, 0.1 ju g/mL(D^fir,||f«^gLfc 0 &mB&ffl&£.Xfi'?&Xta.mffl 
^fW^Anti-human IgG(y -chain specific) F(ab')2(Sigma ; i : ±M)"^SffiibL/c-rA/ 



~7°l/^~h (Nunc-Immuno Plate, MaxiSorp(Nalge nunc International^iM)) i^^fiL, 
M^lBfffQff-g^ Goat Anti-Human IgG-BIOT(Southern Biotechnology Associate 



s|iM)^o J^t^Streptavidin-alkaline phosphatase conjugate (Roche DiagnosticsliM) 
^iM^RffocS'^t BluePhos Microwell Phosphatase Substrates System(Kirkegaard & 



Perry Laboratories|±M)^S©^L-Cffl V ^feSJ^lTl \ v^P^U- HJ— 
{-T650 nm<£>!&3fag3r«!l^Urt 0 ^Ai^lS«|ii©l*^^HIfy7 
h^^TSOFTmax PRO (Molecular Devices|±M) ^ffl V ^XWt^Lfc 0 WT^XV^PFKD 

U 0.22^ m^ZTj/lyp—JJ-yZ? (Millipore) i-*5V ^T^^^^rfejlmOrProtein A Sep 
harose Fast Flow (GE Healthcare)WUI(-^Pi"5i^"Clfil#f ^Pi-^ ^^"S^TCOIg 
Gmttfa (^^IgG, feitHL-6H?^- ^f*fc <£WLfcHL-6l/i?:^— feif*-tb 

^mmiL-6U^7°?— Wi^i^) ^protein AlzmM^f^o ^<D^ MMM'LMX*^ 
^r>^U ^^M^HHKLfCo /^^^^«proteinA^^Lfc^tHL-6^W° 
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»fiSrfflU^RrtB"efc5o Bl^^IL-6^ir^— M&n, Quantikine Human IL-6 sR ( 
R&D Systems)3H£ffl L-fc Q Wr$5£.X$PFl$L^VX<D4:B$ffl&^ 8R#PfQ^ 240#Ph1^ 

1^^m20K^Lfc o WT*3«t-a«PF1^10mg/kgT*^rt^^|HllS^L/c4^K^ 

PFlJi, T7^=-T4~ ^^=^~ ->3^-e^f4i^tLf-RDC_23^^4^ttM^^efe^^ 
^rfcH53/L28^r$i.^^t?-frfcfe(7)-efe«9, in vivo^Sl\Wt^Mt4irtbV^fTI?£ 

PFl«ffi^SMIrUi-^^5^^t4^J:t>^^J©t4y^^i-^v^TfeWT(tHbPM-l 

±-cpfi -ejiffl L/ce« nmtbx^m xh^t^K.hntc 0 

[0162] C^^M7]lgG2^J:04gG4(D^t4^j4 1 T^*5it5^^tt(D[B]ii 

Fc y ^<D^^tt^ffiT^5/c^i^tMbPMl^{:£ (Cancer Res. 1993 

Feb 15;53(4):851-6)(D^^|g^ttIgGir-4'y^-Y^ 0 -Cfe5^S N ^^^^IgG2^g 

J&Lfc5>T-(WT-IgG2, @E^IJ#^-: 109), ;&J:t>\ IgG4(Mol Immunol. 1993 Jan;30(l 
): 105-8.) ^gmbfc^T- (WT-IgG4, IB^lJ^: 110)^Mb/c o IgG<D^m^« 
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&Lfc3§5i/<^— ^ft^Lfco ^DNA®rJt»iMIB^I]te, BigDye Terminator Cyc 
le Sequencing Kit (Applied Biosystems) £rffl I \ DNAv— ABI PRISM 373 
OxL DNA Sequencer^7t{iABI PRISM 3700 DNA Sequencer (Applied Biosystems) K 

mummmmw,<Djjmiz-^^s£istc 0 Lmt\,xwr^m^\ wT-i g Gu wt-i 

(1) tHbPMltrL^(WT-IgGl)H^:|H^IJ#-^: 15(7^7^1^1]) 

(2) WT-IgG2H^ : IB^IJ#-^ : 109 (T^/^IB^iJ) 

(3) WT-IgG4HiK : IE?"J#-^ : llOCT^/lfeBB^J) 

[0163] WT-IeGK WT-IgG2. WT-IgG4(D^P7V^AJ»f£m^i:^M 

^bfcf^^±W^TBS^KMsM^f-50tiL(DrProtein A Sepharose™ Fast Flo 
w(Amersham Biosciences) Sr^PU 4X:^4ffiW\&±&&\Wfa\Jt 0 ^t<D<Mm&0.2 
2 ix m©7^/^- ^7^7°Ultrafree@SjS ; H)-MC(Millipore) TBS 500 

T30$fc^f|s\ rProtein A Sepharose™^e i-100 1± L(7)10mM HC1, 150mM NaCl, p 

H2.0idK«LT2#rei£«U k c<£>"ib, feif*^m^^(^^fii&)o fi^-, 6.7 
^ L<D1.5M Tris-HCl , pH 7.8^7JP^T^frJLfc 0 ^HB«2HltrV\ 200 ^ LOftSfei 

[0164] laM^mifel^MM^OMgGJ^ WT-igG2. MMgG4^£/k£i&£s^h£zZ 

{$f¥W£ : v^T^A Waters Alliance 

G3000SWxl(TOSOH) 
#f)]ffi 50mM sodium phosphate, 300mM KC1, pH7.0 
WM'lfeS: 0.5ml/min, 220nm 
fe^[l|21^L/c 0 WT-IgGl(D!rfMtt(D^^j$^S(i2%|g^"efeo/c(D^ 
xtL"T\ WT-IgG2, WT-IgG4<D|fM^(D^^#:'a-Stt25%f^-Cfeofc 0 
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G^T-^SMl-^V^T^, ^n^^A^^ffl^^LS^^ IgG^T-^n^MVA^ 

(D^m«^t4^T-efT^n5o ^fci g G^T-^ismp n p^bT^|g-r5±-e^^^ 

V^/isXTfWiikn, — mz-M&£kWTlZ-^^Xftt>tiZ> 0 ~tib<DZ.bfrb. igG^-T- 
(D^tt^#Ti-*5{t5^^ttfiriJV^S5^^^LV^^ lgG2^oJ:mgG4^T-«^tt 

p n p^LT^^3im«-^ib^v^M^ 

[0165] WT-IeG2. WTzlsQM2CH^2Ld>^M^>^MtMM. 

i g G2fcj:mgG4^T-f*^t4^#T(-fc^5^^t4^igGlJ;^fe^5i^^^$^ 

lgG2fcJ;mgG45>T-»^tt^f^T^»^^t4^B^^^^5Bfe^f*^f^L 
/c 0 lgG2:£J;mgG4^T-<D^^i^#D^VKJ:t^ ^tt^fFT^&it^^t^^H 

o^|S^> IgG2^*3V^-CfiEU^-^^y^(D397#gC07 { ^^^^, IgG4^^oV^Tfi 
EU^-^/^y^(D409# g (DT/^^^^^:fL^fLlgG2*3i:mgG4(DCH3/CH3|?- 
ffi^^^lEL-CV^^#^btL^ 0 IgG2 (DEU^>v^>^CD397#g(D^ 

^^^y^B«Lfdn#:(IgG2-M397V iB^"J#-^ : 1 1 1 (T ^/^IB?lJ) , & 
<TO\ IgG4(DEU^^^y^(D409#i(DT7^^>'^y^>'^Bfe^Lf^fe ! L^:(lgG4- 
R409K SB»^-: 1 12 (T^/ltia^J) ^f^Mb/c 0 

Tif Protein A^^(Dlg^m&^J;^#bn^ltMp B p(D^^#:^S^ffi-r 

^-o-f$f¥fffi?i : Waters Alliance 

G3000SWxl(TOSOH) 
^tJjffi 50mM sodium phosphate, 300mM KCl, pH7.0 
r^M-^ft 0.5ml/min, 220nm 
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MLX, WT-IgG2, fc£t>\ WT-IgG4(Z)^tM#(7)^^^'a m«25%@ig-efco/c 0 
^fK^L'C, CH3K^-f>Bfc^f$-e£>5IgG2-M397V, £5^0^ IgG4-R409K(D^^ 
#^ia%Gl£|^I^/W2%@STfcofc 0 IgG2 (DEU^-^^y^(D397#g 
C0^^^^>^^y>^eic^-^5^^T\ IgG4(DEU^^^y^(D409Sg 

[^#(7)^"^"^ WT-IgG2, \VT-IgG4, IgG2-M397V, £5j;t>\ IgG4-R409K(Df^t4 
^MS^rJiJ^Lfd^l:, \VT-IgG2, WT-I g G4(^it-<-CIgG2-M397V, IgG4-R409 
Kfi^r^tLB^^^J#ALfcCH3K^-r^(DTmjjI^ri5V ^t&ftfrofc 0 ^(D^tfrh 
, IgG2-M397V s IgG4-R409Kfi^r^L^tLWT-IgG2 > WT-IgG4^ifc^<Tf|&^3£t*lJ: 

l g G2^J:mgG4tt^n^^A^ffi^fclt®xmfcJ:W^/^^^^xa^jo 

IgG2^mgG4(7D^^*M^IS^J^b-C > IgG2-M397V*3<fO«IgG4-R409K^ffli- 

G2&m g G4^{*^^^B n p^Lr^i§X5X^s^r#ffl^fe5r^^^^o^ 0 £ 

/X IgG2-M397V^J;mgG4-R409K(ifia^^tt{-^M^TV^^^^fe^ffl"efe5 

[0166] [||Ji#'!j8]IgG2(7)^/^^K^^S5r5'7)^^n^^^— <Dgfc# 
WT-IeGl. WT-IgG2. WT-IeG4(D^P^^Air:§t^m^i;5rtM 

^jjfeM7-e#btLf-i#^X?t^TBScf I {-M^$^rf-50^ LGOrProtein A Sepharose T 
M Fast Flow (Amersham Biosciences) SrSfeDOU 4°CC4^m&,±.&\UfUl,fc 0 ^<D 
Wlfc&O^fi m(D~7^;V^— #^Ultrafree(M^^)-MC(Millipore) TBS 
500 ;i UZXZ^WnW^ rProtein A Sepharose™Wfl| £-100 u LcD50 mM gf^Xby^ 

pH 3.3^«lt2^p^ii>bl/c(d^, ^j$^m^/c 0 ax>^ 6.7^ 

LC01.5M Tris-HCl, pH 7.8^P^T c f I f0Lfc o 8*mfci2|eI?Tl\ 200 /z L^rtM^f* 
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WM^tWcWT-lgGL WT-l g G2, WT-lgG4(D^|— t4^rf¥fffi"f S/c^PJm'^^ 

IECWMi; : x/^T-L* Waters Alliance 

ProPac WCX-10 (Dionex) 
A : 25mM MES-NaOH, pH6.1 
B : 25mM MES-NaOH, 250mM Na-Acetate, pH6.1 
^tiS-^SS 0.5ml/min, 280nm 

^7i/^^f B : 50%-75% (75min) WT-IgGl^if B# 

B : 30%-55% (75min) WT-IgG2, WT-IgG457-#rNf 
^^^IH22^^bfe 0 WT-IgGU WT-IgG4«-r^->^$^77-+if"C^^V^E°— ^"C 
feo/c^ WT-IgG2fm#C(^t 0 — ^^^LXV^^^^^ n IgG25>T"tt, IgGl 

j ^igG4^^KL-c^^nv ? ^^— &&\^kififti>^Tz. 0 hisl igG2<D r-ry^^ 

7^^^Tfc"9 (##fF^Cfi^30) , Hl22^^^^IgG2(7D-^^nt 0 — yfertL^E±3 5t5-f- 

/c(S5^J;v\ J;oTSf^EMlgG2(i N ^{*^l£lgn n n^LTP^^3i-fefcoTJl^ 
tt^fJIM/^S^^^fco US20060194280(Al)^:}oV^ ^^MlgG 

TV^o r©^rnt°- y^r^— {^S^ic^LX, US20060194280(Al)^*5V^Tf* 
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[0167] WT-IgG2(7)CHlKyM^ ^^M^^M^^MtMM 

(DWT^ \ *3«t^ 7V~(D^*T^(Dfe&&^^tbtlfZ 0 IgG2Jiupper hingeM 
^^2oCO^y^.-r-r>'^r#b(EU-^-^^y>^219# g £220# g „ r<Dupper hinge(D2 

CO|n|Cupper hinge(D2O(Dv'^^^^ffP 3 ^L§ 0 ih&t^ IgG2(Dupper hingejH 
ia^«H2L2(D^^b7^^fl^1i^fh8{e(D^^-r^^^b-C*5«9, £*U31«J:»9, 

IgG2(Dt^^M^^ri*^5^^nv ? ^^^--^fSM^5r^^r g fft^IgG2CDt 
^M^ia^J^CHlK^-r^^Bic^^tTo/io IgG2^*3V ^X^/^4^-^(DW~f 

M^l^^-t^EVT^^V^m^ g <7»-;2.7MV£l33# g ©r;^^y^n 

^f^iry^^y^^eic^L, H^COupper hinge^#fe-f-5EU-^^^y^219# g CO 
v^TMV^iry^gSc^i-SCJ^T^ IgG2-SKSC) (IgG2-SKSC:@S^lJS^- : 120) 

*.?>;fafco rtxt-J;^^ IgG2-SKSCCOH|g^L^COifc^^^fi > EWT^^V^ 
^220# g (D^^^^L^cDC^tD^^^T^/^^K^^l-J:^^^}-^ 

j55c$n5^%^b^5(Hl24) 0 
igG2-SKSCco^§sa-<^^-co{ y FM > M> SrtM^HitMl^lBL^fe-CllJfeL 

/c 0 ltM$tL/cIgG2-SKSC*D mm ^MlgG2 (WT-IgG2) OQ^J— tt^Wfffi^5/c^ 

IECfrWi : y"^fA Waters Alliance 

^7^A ProPac WCX-10 (Dionex) 
^tJrfB A : 25mM MES-NaOH, pH5.6 
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B : 25mM MES-NaOH, 250mM Na-Acetate, pH5.6 

WM'lfeS: 0.5ml/min, 280nm 

B : 50%-100% (75min) 
^^IH25^b^ 0 ±.T&(Dk£Ws WT-IgG2f«i&C(Dfc°— ^#&L--Cl^>;^ Ig 
G2-SKSC»v^^7Mf— ^ti,X'M{a-t^t^^>^fc 0 IgG2COt^> ? 'BB^<7)v ? ^ 
/^^Kl^f-ft^i"^ Tvi?^~T>f— f*. EU-^^^y^220#g (Dv^-fV 
^L^(DC^^<D^^^^— (D^/^^FM^^Jf^^5J:5^IgG2-SKSC(D 

T-IgGU WT-IgG2^J;mgG2-SKSC(D^^tt c PPH ( 1fi^^7llJ^L/c^^:, WT-IgG2 
f3:WT-IgGl^.tt-<Ti£l ^TmiM&7j<T'FabFM^(Dt°~^M^fcf'fr\ IgG2-SK 
SCK^^Xn^fD^—^m^hn^^f^o iGO^^k, IgG2-SKSC«:WT-IgG2 

6^#^btb/c^^ IgG2-SKSC^IgG2^^^Mi^ia^J^LT^ffli-?>r^^J:^ N 

Xm&X%mXfo&~k&ftf)>ofc 0 IgG2-SKSC«f^^t4^feffftL"CV^^ 

[0168] [^feM9] IgG^T-^CTrc^^^av 5 ^^— <D$:# 
WT-IgGl^HliG^ A C,K*n.&(D&M'<**~mi& 

LXWfe-r&c ^X\ C«7^1©^f n^f^- W^^Srt^ I 

C*Sr^l»^f^Tof' 0 JM*^«:, 5f^IgGl(7)H|i^^^(DC^(D 
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^Ije^&i^^l^fCv QuikChange Site-Directed Mutagenesis Kit (Stratagene)^r^V ^"C N 
>^446# g (DGly^ — Ki-SiSSBa^J^oV^T, ^th&H&lk^^b-t&M^&M- 

ALfco rtt^«J;9, c^^(Dir5y^coy> ? ^(Eu^-^^y>'^447)^fe^^c*^ 

y^447) ^fe^>C^^ta$^rfc^L#:(D^Sm^^— ^r^bfCo tMbPMl^jCf* 

#^A:ProPac WCX-10, 4X250 mm (Dionex) 
#B]tB:A: 25 mmol/L MES/NaOH, pH 6.1 
B: 25 mmol/L MES/NaOH, 250 mmol/L NaCl, pH 6.1 
#itil!l:0.5 mL/min 

^7vo^r-:25 %B(5 min)^(105 min)^67 %B->(1 min)^100 %B (5 min) 
^ffi:280 nm 

*«449# g »Lysa#f*. 447# g ^ProT^F^/^mS^ HfCC*^ A K ~C 
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^nb^n^nmM$Y^Mz.mA^o°cx-(Dm^m^+^n^fc 0 #^dsc 

^ItfT^fiKCRodolfof^ Immunology Letters, 1999^, p47-52) ^r##^t° — VT^r 

^{SM£^5r<^^f£^o/c 0 t^f*^M%gGU IgG2, IgG4^*5V^ 
T, C^^ia^JttV^-f^EU^-^/^y^447#i^L ys> EU^>^y^446# g 

[0169] mmmo) mwLwmtmnmmMM a GKia^ijo^ 

^^-^«^^-C«^< > fot, Fey H?^ -(D^fi^^^-efcSc fiL 

tL5(##f^JClS^24, 25) o tMfc#LlL-6Hr^— IgGlfet^-CfcSTOCILIZUMAB 

[0170] Fc v Ui?:7°y— #M^(D^^iK^^MJ^M14 A GK(Df^M^iElffi 

fc y — -(D^^i&T^^^tvxn, igG^c#:(Dr-ry^-r^^igGi 

^^IgG2$?5VMiIgG4r-ry^-Y^ 0 ^^^5^fe^S%^p3fL5(Ann Hematol. 1998 Ju 
n;76(6):231-48.) 0 Fc y W?:7°^— ^<D%£&&$n±iZ.m<-i-jjfetl,X^ Al^i 
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^c^Fcmm^mA-r^m^n^thx\^ 0 m^«\ ^cd3^#^£lcd4*tl 
i^am^^^^—mm^umm^mm-r^fc^, fcIb^cdfc y u-fe^- ^ 

^fP5>i-&f^MgB^J^tt#r±L^V^^yMM(##f^i^26, 27)^»AL7t 
Fc y Hr^- #M^M(D^CD3^{*^CD4^7L#:(Dl5gJ^|«^S^^^TV ^ ( 
##§^^24, 28) 0 IgGlCOFc7R^^$|3fiL(EU-7-^^y^:233, 234, 2 
35, 236, 327, 330, 331# g ) £rI g G2 (EU^^^y^ : 233, 234, 235, 236) 
*5j:mgG4(EU^/^y^:327, 330, 331$ g ) GOfE^'J^^r^Fc 7 Vi?^ 

|B^fiFc7R^^fpfi£(D9^EU^/^y^:233, 234, 235, 236/^yj^M"C 

Fey R^^tpfi(D5^>EU^^^y^:327, 330, 331# g 
g G4^fiM^5ia^!l*Cfe5^J?), EU-7->-^y^:327, 330, 331# g (DT^/^Ig 
G4<DgB^'J^QS:^i"5^^^ s fc5(Eur J Immunol. 1999 Aug;29(8):2613-24^jotf3 
G2Aa) Q L^L^b, IgG4{iEU^^/^y^:339#g(Dr^/^r^^-Cfe5 
cOi^^fLT, IgG2tt^W^^>-efe5^*, EU-^^^y^:327, 330, 331#g(D 
T^/^IgG4(Dia^J(-Bic^Lfc/cttT1K^(-{i#^L^V^T-cell^t 0 h— y°-<y° 

#-T6/c^0^L<^V\ ±^cDB«(^Dx.Tfffc^IgG2(DEU-4-^y^ 
: 339# g cD^W-^^T^^e£^-f 5^-"C, frLV ^^Fie^tM^ 

^^©iMidPit, ^jjfeM7-e^mbrti g G2(D^tt^T-e^>^^tt^f^-h 

£4t5lgG2 (DEU^-^/^y^(D397#g(7)^^^-^^^/^y^^(D^M, Hi)tSM8 

iir5EU^-^^y^C0131# g (D-yxT4>fch^V>^(D^M, 133# g ©T/l/^- 
^fbyvV— <7^M, 219#g(Dv-^-r^^4ry^^C0^M^#Ab/c: o 
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31# g £133# g (D^m^A{-#V^^t-fWlib^V^T-cell^t 0 h— A^AAKA 
EUA>v^y^<m37# g (D^7^^m^h^V^>^<DMm, 138S g <Di?y 

>^^v ^^-<DmM^mA-r^tx\ i3i# g ^i39# g tTO<d-<aakib^j 

^A->f— &i&^^&fcmz.HMC^)Q<DEU^>'s<V>'? f (D446, 447# g 

KtL^(M14AGK:BE^IJ##:24) 0 M14 A GKm^cell^tA— A^AAKA&^S 
97A/^§t LV ^AAHW"J£LT219# g cDv^A-f^f^y^^tD^M^ 

r^^^,^J®'|4»y^^f«feT/J^$V ^^btK TEPITOPEi^S^l^tt^ 

?IJ (Ml 4 A GK: gE#l#-^ : 24, WT-M14 A GK : IB^IJ#^§- : 1 1 3) <D$&lfr<??~-&M 
MMUZ.tZZnttmXftMl^ H#^LTWT-M14 AGK, L^^LTWT^fflV^TH 
JfeM 1 fcfELfc A&fe-«J& • frfMLA 0 

l^co^TA igGl^fg^i-Fcy ^ir7A— ©Jjg^SriBT^^rSfcfe 

l21EU^-^y^:233 N 234, 235, 236, 327, 330, 331, 339# B fcggMSr^f 
AL(Eur J Immunol. 1999 Aug;29(8):2613-24{31*3^SG1 A ab) , £bfcC^jQ<£>^A 

a^x^f^ £r{£TAlt5/c:#>t-EUA^^y^A446# g ^447^ g £:Atl£tt 
(HJfeM9) WT-M 17 A GK(M17 A GK: SB^IJ# # : 1 1 6 , WT-M 1 7 A GK : SB^IJ^ # : 1 
15)«rf£SUt, IgG4^StS^i-Fc y l/i?A^~^<Dfe^fiT£^5fc£>^EUA 
^^y>A233, 234, 235, 236# g i^IM^AL (Eur J Immunol. 1999 Aug;2 
9(8):2613-24fc33»t5G4Ab, r<^efelEl;:33V^T^SfLV^thEyiJd5^.CS^:&^ 
^J©tty^A^)SA#A5) , ^^t4y^A^fM^*5fc*^AitN<7)afe^i^p^Tt 
^AW^A^A^K/fA^tl^MM A GK^IWIC^-TS^t-EUA^^y^: 13 
1, 133, 137, 138, 214, 217, 219, 220, 221, 222# B fclEM&^AU £k 
MttlM^TA^gc^tt^rfa A£A5fcfe^EUA^y^A*409# g (cl^S^ 
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6# g <^447# g &XU^fc WT-M1 1 A GK (Ml 1 A GK : IB^IJ^^- : 25 

, VVT-M11AGK:BB^!I##:114)©|S^^<^— SrfNKL^o H$j|<^L"CWT-M17 A 
^SWT-Mil AGK, LitUTWM V ^T^JfeMl fcfBLfc^irClgJa-ffl 

[0171] WT-M14 A GK. WT-M17 A GK. WT-M1 1 A GKtDFc v U^^^rM^M^MM 
Fey Rl^tDffi&WWWT^b&VKft^fCv Biacore T100 ^ffll^C, ir^ih— 
^X/fcH^ffcLfcfchS* Fey receptor ] (£1T> Fc y RI) T^-f h^LTfflV^ 
fclgGl, IgG2, IgG4, Mil AGK, M14AGK, Ml AGK 7^101!^$*, -^1^ 
ft£-JfctfcL.fc 0 thft>r5^ Fc y RI bLXfe Recombinant Human FcRIA / CD64 (R& 
D systems) £:/BV\ fy7°^tt-C IgGl, IgG2, IgG4 , Mil AGK, M14AGK, M17 
AGK ^fflV^Tr!iJ^<HTo/c 0 TV-y^y^V^Vm^W^—^^Zf CM5 (BIAC 
ORE) Fey RI^@j£fbL/c 0 HrJj&fcjfthFc y RIGO@fei:{3:, j^J 13000 RU(resonan 
ce units) "Cfoofcc 7^^^/^y7r- £LTHBS-EP+^BV \ MffiO # L/min 
^Lfc„ f-^V^HBS-EP+^fflV^lOO # g/mL<Z>*Sfcil3tUfc 0 ##ffi, trtffc 

?«<mo ^ L^r-r>-^^h-r52^r^^ir5^tr3^b > ^(DiiHBs-EP+fc^m^, 4 

G4, IgG2, IgGl, Mil, M14, M17 ©Mfc^U -?T^ 2 HJ^t) ILfc 0 SfJ^Lfdlg 

&m?~*&&&L>td&%&W27K^i,tc <3 z<d&^ ffi&mn i s gi > i g G4 » i g 

G2 = Mil AGK = M14 A GK = M17 AGK (DjIIIfcM^LT:^, If ^§!J(DIgG2, Mil 
AGK, M14 AGK, M17 AGK ^MOIgGl, IgG4 Fc y Rlfc^LT^^^ 

Fey RIIa^tDlS^Wfffidl^T^^^o^fcfTo/Co Biacore T100 ^jlt^T, 
?-y7*Kmi£ikLfcth&M Fey receptor Ha (E1T> Fc y Rlla) <b, T^-fb^LT 
JBl\fcIgGl x IgG2, IgG4 , Mil AGK, M14 AGK, M17 A GKSrfBSflMH &itr, 
ln^t^lbtLfc 0 tFr±3^(D Fey Rlla ^LTtt Recombinant Human FcRIIA/CD32 
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a (R&D systems) £rJlV\ fy^ibt IgGl, IgG2, IgG4 , Mil AGK, M14AGK, 

mi 7 agk ^m^^xm^ff^tco r^^yy°v^^m^w^—^-y-^ cms c 

BIACORE) K Fc y Rlla £r@^ffcLfc 0 H^I^Hwt^ 3300 RU©Fcy Rlla b 
L/c 0 7^^y7r- ^LTHBS-EP+^rfflV\ #M320 L/min£Lfc 0 ^(D^ 

gc^L"C^biTo/c 0 mfeitlsfc Fey Rlla t^LT, 7t7>fhiLt# IgGTW^ 
-tV° (IgGl, IgG2, IgG4) fc<J:t^M&9£ALfcJn;ft (Mil AGK, M14 AGK, M17 A 
GK) ^ffiSf^ffl^, ^(D^feH^L/io 7^^y77- fctt HBS-EP+ 
3rfflV\ JEjgfi 20 n L/min , fflU^MSfi 25°C tLfc 0 & IgG *5J:U« Bfc^ffcJi 10 
0 jez g/mL fcHHU T-Ty-fht^X 20 m L #ftU H^ffcLfc Fc y Rlla ifBSfIMB 
£^/c 0 fBSfKWJHi 200 u L ©7^-^^777- Sr^i"^""? Fey Rlla 

r^7^h&fl¥St£ii\ ir^f— ^-y^S^^^io T-T^hti^t^eti IgG4, Ig 

G2, IgGl, Mil AGK, M14AGK, M17AGK (DJUI^^L, -t^l^r 2 HI|&«9i£Lfc 0 S'J 
ttfcl£^if- *&JfctfcUfc^&028fc^L;rto ^r^^> *^*fi IgGl > I 
gG2 = IgG4 > Mil AGK = M14 AGK = M17 AGK (DMl^-WP^X^ ^ Mil AGK, 
M14 AGK, M17 AGK \$M£M<D\&U IgG2, IgG4 CO^^-fthXVh Fc y Rlla f-*tL 

Fey RIIb^tDlS-a ^ffifiblT^^^o^^tTo^ Biacore T100 ^/SV^T, 
^yZffcfflfeikVfcth&te Fey receptor IlbG^T, Fc y Rllb) T^y^hbLX 
fflV^/cIgGl, IgG2, IgG4 , Mil AGK, M14 AGK, M17 A GK^ffiSfFffl^, 
Ip^i^lb^Lfco Hh&M<D Fey Rllb tVXU Recombinant Human FcRIIB/C (R 
&D systems) £rfflV\ Ib^X^L-T IgGl, IgG2, IgG4, Mil AGK, M14 AGK, M17 

agk ^m^^xm&n^f- 0 rv^^v^m^w^—^y^ cms (biac 

ORE) K Fc y Rllb ^g|^fbL/c 0 fHWi^ 4300 RU CO Fc y Rllb & fflfe{kVtZ 0 

^(Dlk, ^—^y^^fi^m^tl^Xy^^^^y^r—^^, Mfen^—y-y 

^^gc^L"C^iTo/c 0 mfeikVfc Fey Rllb ^*tL"C, T-Ty^hfLX^r IgGT 
4y?^7° (IgGl, IgG2, IgG4) fcitft^^iALfc^^ (Mil AGK, M14 AGK, M 
17 AGK) &mSLftm£H:, : £<Dl&&&&W]&Ut 0 y^^lf^y7T-\a-± HBS- 
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EP+ (10 mM HEPES, 0.15 M NaCl, 3 mM EDTA, 0.05% v/v Surfactant P20)£rJlV\ 
'i&n 20 u L/min , ffliJ^fiSf* 25°C tLfc a & IgG feitJ 5 eSc^frfi 200 ^ g/m 
L i^lL, T^^F^LT 20 /i L SfEU H^ffcbfc Fey RUb ttg5ftffl^*fc 0 
ffiS^ffl^fl 200 # L <D 1 7>'~*/ys*-!y'7T~-&$fctZ.k'V Fc y Rllb ^hT-Tv^h 
&BM^, -t^^—^y^&n^-^f'o T-rv^hlt^th^n IgG4, IgG2, IgGl, 
Mil AGK, M14AGK, M17AGK (DjlKf^cU ^frh^ 2 IHjHWigLfco S'J^LfdS 
^fi7 = -^^l;bKbfcM^lll29^^Lfc 0 W^JP:, rg^fifi IgG4 > IgGl > Ig 
G2 > Mil AGK = M14 A GK = M17 AGK <DfflZ.}fc'J?L.X$3*)* Mil AGK X M14 AG 
K, M17AGK fZM£M<DlgGU IgG2, IgG4 <D\/ Fc y Rllb (^fLT^ 

Fey RlUsi^fDf^^WimmiT^t^V^l-^fCo Biacore T100 Sr/BVvf, ir^lF 
~-'F-yZf\Z.\&lfe4\ZLf£kh&te Fey receptor IIIaO^T, Fc y RHIa) t, T^-YF^L 
TfflWcIgGU IgG2, IgG4 , Mil AGK, M14 AGK, M17 A GK^gSfPffl^, 
(Dffi&A&itlgtVtCo th&M<?) FcyRIIIa tLTfihFc y RIIIaV-His6 (ffl.^.£&X.hFc 
y RIIIaV-His6:l : ±rti^Mpp)^fflV\ tK//I/tLT IgGl, IgG2, IgG4 , Mil AGK, 
M14 AGK, M17 AGK £rffl V ^Tl|iJ^iTo/c 0 T^^^y^Sii-i'Qir^f— *f- 
yrf CM5 (BIACORE) Fc y RIIIa^g|^fbL/c 0 H$t-#jfthFc y RIIIaV-His6(Dg| 
^mtt, $J8200 RU(resonance units) "Cfco^ ^^-^^^r^ £LTHBS-EP+ 
£rfflV\ yjfEM{i5 ,u L/min^Lfc 0 iF^A-^r, HBS-EP+^fflV^T250 # g/mL<D?M 

^HBS-EP+i^O^X., VfrWOiRfflfchXJlt^ ^f+B^Ttl, 20 ,u L<D5 mMtl 

n^tl^tl IgG4, IgG2, IgGl, Mil AGK, M14 AGK, M17 AGK (DJUfcfcfELfc 9>J 
^L^/fr5^Sx-^^^KL^^^Bl30(^L^ o ^<D^, /fi^firtt IgGl » 
IgG4 > IgG2 > M17 AGK > Mil AGK = M14 AGK <Djl|f i^^LT^, Mil AGK, 
M14AGK, M17AGK fiBf^gOIgGU IgG2, IgG4 J;^ FcyRIIIa J^LTl^ 
^l|V^t^l5^^^ofc 0 te, Eur J Immunol. 1999 Aug;29(8):2613-24^#^£ 
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*VTl ^5G1 A ab<£>g£M£r^"tpM17 A GK^h^LT, Mil A GK, M14 A GKGOfS?^ 

SXAiXV, WT-M14 AGK, WT-M17 AGK, WT-M1 1 A GK(D&WFc y 
^<D^&UW^^(DlgGlbtk^XM^<i&Tl^X\,^^b&mn£tlfz. 0 WT-M14 
AGK, WT-M17 AGK, WT-M11 A GK&feffiffl$kL.X&.M~t~Z£Lb~i?* Fc 7 

[0172] WT-M14 A GIG WT-M17 A GK. WT-M1 1 A GKCDMl&ft&frftM&k 

WT-M14 AGK X WT-M17 AGK, WT-M11 A GK<Z)iSSS&S$S#Jfc:fcfr5^£t£<E> 
i¥tf^fofc 0 WT-IgGU WT-M14AGK, WT-M17AGK, WT-M11 A GKCOSpf 
#^20mM histidine chloride, 150mM NaCl, pH6.5tf)^^fc^LT]g#f(EasySEP, T 

£lT<Dk£MXfr& 0 

#tffc : WT-IgG U WT-M14 AGK, WT-M17 AGK, WT-M11 AGK 
JBMIfSK : 20mM histidine chloride, 150mM NaCl, pH6.5 
$&g:61mg/mL 

f*#t£S^fflrBl:40°C-2W, 40°C-1M > 40°C-2M 
£&fcWfflfe:i/XTJ* Waters Alliance 

G3000SWxl(TOSOH) 
50mM sodium phosphate, 300mM KC1, pH7.0 
tiitiS'iKS 0.5ml/min, 220nm 
f-^7°7^1/100(-#fXLT5>#f 

initial mmmmmm &£x*&#zft^&ft&<Dm&\<D£&fc^mA&±ft<D? 

31 \ZJFl,t£o ^<0^^ WT-IgGl«^Jfc|SEL-CWT-M14 A GK, WT-M17 A GK, WT-M 
11 AGK<D£-&fcmfiQAffl&<, WT©^^MJDt»^l/21?fcofc 0 Wc, 1332 
fc^i-J;5^Fabif>rt»ii^Dft^MLTfi, WT-IgGltWT-M17 AGKfi|^@S"Cfc 
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ofc#S % WT-M14AGK^WT-M11 AGK»WT(DFab^f^-it^PSCD^]l/4-e$>o^: 0 Ig 

G?^(Dm&wm<nm\\M$kii\jx^ wo 2003/039485^12^-0 ^ 

^(D^^tFab^M^^^^^l^if tbth&o WT-M14 A GK^WT-Mll AGKfi, 
WT-IgGl^J;b^bT^^#:^Fab8lf^(D^^(D20(D^^^J^^^t4^MnxV^ 

z>^t&&m£thtc 0 mia^ igGi^M^-e{te^t4^ s +^"e«^<, isiin^ 

T-M14 AGK, WT-M17 AGK, WT-M11 AGK^V^i^^^t^j^v^^t^Wt" 

#{31M14AGK« % ^^IgG2^T-^^-f-5^t4^#T"ecQ^^^tt^[B]-b^^, t 
^MJ^^^/^^K^^^S ^-TS^^nv?^^— &3fe#U Fc y 

[0173] tMMfflll ] PF1-M14 A GKl^cDfNgi 

HJfeM5"Cf^SL^:PFl (^WSSfSIgGl) (7) RTIg^JgcSP^SrXhoI/Nhel-C^D^Ui 
U HifJ7-C-flLfcM14 A GK (^T^M^^WT) (D^^^i^^£rNheI/NotI-C 

F1-M14 A GK<DW&$&%S<9?~- £rfNK£bfc (PF1_H-M14 A GK : E^IJ#-i- : 1 1 7) 0 
Lii(iPFl_L^rfflV\ ^jjfeMl"efBL^^-ePFl-M14AGKfei#:(D^?a-^$^^ 

PFl-M14AGK^ft;(i, ^CIL-6Hr^— fei{*^IS^p c p^bTti^ ^^"CWT (th 

ffcPM-ltrt^)«J;>9t>flitbT*3>9, m$>X^m-V2b&b^?Lbtifc 0 

[0174] [HJfe^!|12] M31 A GK(DffMtWW 

HffiMlO-ef^BbfcM14AGK^L, EU^^!^;/: 330, 331, 339#g^Ig 
G2CO@E^J{-^^LfcM31 A GK&fNKUfc (M31 A GK : IB^JS^- : 1 18) 0 ~r>S&W& 
m^ltLXWT&m U ^^M*IB^lJcbbTM31 A GK^4f -r5HiI^L{$ia^J (VVT-M3 
1 A GK : iE?iJ#-5§- : 1 1 9) SrHJfeMl S-rE^fc^^ft^U Hfe 

LTWT-M31 AGK, L§^L~CWT^J1 V ^, WT-M3l£r||$EMl (clfBLfc^^T?^ 
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WT-M31^PX.T, [S]0#(^ia-fRMb/cWT-IgG2*Dj:Ij ? WT-M14 AGK(D^ 

^^m^n^h^vy^— ft%f&£iT<Dk&mz.ftotc 0 m^^&pv^wvy 

-f—^Jf^i^SXT'^t^X^'O , WT-IgG2, WT-M14 A GK S WT-M31 A GK(D? 

jJVJ* : ProPac WCX-10, 4 X 250 mm (Dionex) 
#f)]ffi:A: 25 mmol/L MES/NaOH, pH 6.1 
B: 25 mmol/L MES/NaOH, 250 mmol/L NaCl, pH 6.1 
#itjii:0.5 mL/min 

f7i/^>h:0 %B(5 min)^(65 min)^100 %B^(1 min) 
^Hzl : 280 nm 

\VT-IgG2, WT-M14 AGK, WT-M31 A GK<D^)f^^t : tM33K^k-^ 0 WT-IgG2(i 
if i£(Dfc 0 — ^^q^LTl^>/)\ WT-M31 AGKteWT-M14 A GK£ 1^ v'^/Mf' 
— ^^LT^0B^Sr^^^^o^: o WT-M31 A GKlzm ^XhlgG2(Dt>i/'Mi&<Di/ 

[0175] [^SfeMl3]^^:tfibfe ! L#:F2H/L39-IgGl(D'ft : M 

HSSM5T^ML^lPFl_H^fi, 7lS(Kabat"^^^y^\ Kabat EA et al. 1991. 
Sequences of Proteins of Immunological Interest. NIH) ) (DT/^^r^-XD^i)^^ *^ r > 

i-5i^(-^^PMi^#:(D^^ffi^m^-efc5r^^^$tLT*5i9, 7i#g^r 

^(Cancer Research 53, 851-856, 1993) Q ^tli-PFl.Hf tth^M^WAfc^-CDVHA 

o 

^x\ 7i#^r/^^a^(D^*-e-^r>^ia^j^^:^i^*-r5/--fe > tr-^g 
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Kabat 


(0 -D O 

CO 00 O) O t- CN CO lO CD 00 O) O t- CN CN CN CM CO LO CO 00 O) O i- (N CO ^ 
CO CO <D<0 N- N N I s - N 1^ I^N N 00 00 CO 00 00 00 00 CO 00 00 CO CO 00 Oi 0)<3> 0>05 


source 


PF1_H 


RVT ISRDTSKNQFSLKLSSVTAADTAAYYCAR 
RVT 1 SRDNSKNT LY LQMNSL RAEDTAVYYCAR 


Germline: IMGT_hVH_4_b (H71&H89£Bi!<) 
Md. Immunol. 44(4):41 2-422 (2C07) 



PFl_H-IgGl{^U Kabat-^^^y^66S^)^94S^±fE(Df^ffi@E^J^g^-r 
2>Z.kK£V), H96-IgGl(BB^J#-^:134T?/glBH^J))^trL7^o 

SWcfco^Tf^ IgGl<^?&^*— #>&PCR^fc<£9if "tSLfc 0 Assembly PCR 

[0176] 7^— Ay— ^^,^HKlfr#:H96/PFlL-IgGl(Dl^ffi 

ft®L7tH96/PFlL-IgGl^rffl V vf, «M5^fatt«^^-CTmfi(D7|IJ^fT^ 

7cU SR344»aSttO, 0.36, 1.4 tf g/mLtISL, ^7cl5^P^¥HltB^'J^b7c 0 
W^JH, H96/PFlL-IgGlfi, PFl-IgGl^f5S^^(DTmf6^i:tJ«T^^-^— 
^L7c(3tl0) o 
C^IO] 





Tm (°C) 


k a (1/Ms) 


k d (1/s) 


KD(M) 


PF1 tSft 


91.3 


1 . 4E+06 


4. 2E-05 


3. 1 E-1 1 


H96/PF1L-lgG1 


89.8 


1 . 2E+06 


4. 8E-05 


3. 9E-1 1 



W_LJ:t), PFl^#ccDH§^H96^-f TmW.&£XfT74^'r4~ £li^L 

PFl^C^^^tLTl^c-v-y^ia^iJ^^^I^^L, PFlfei#:(D^lx— A 
7 — ^&^^fcMfcbfc^ffctfS#<b;ftfc 0 H96/PFlL-IgGltt, 17^— A!7— ^BB^Jl- 
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[0177] vmT&£Wft.&m^VX?&&tik$Tttz.F2H/L39-lfzGl<DftM 

AbfcF2H-IgGl (BE?iJ#-5§-: 135 (T^/^ga^J) ) &^jfeMliB*O^TfESiLfc 

o 

£fcPFlU^b^T<^T^/^gm£#Abfc 0 pl£r{gT£^5~££ g #Jf;i27# 

^lALfco rtbbCOT^/^gm^PFlL^LT^Ab7cL39(IE^-^: 136 
7^gB^lJ))^^WiJlfB«6(D^?i-e{t©L/c 0 F2H/L39-IgGl(D^Ja > f*$^Hjt 

Ml^fBftbfc^^^^^oTto 

[0178] Biacore^J:^ F2H/L39-IgG 1 C0bML-6Uir'7°-^ -(Lxlt?)77^^f^ ^fetif 

tbft:PMlfet#:(if^M, WTb PFl^C^(^|JiSM5-ef^$^) % F2H/L39-IgGl 

^riTo/c 0 fc/cb SR344<D?M(iO, 0.36, 1.4 g/mU^ff^U £fcl5#|RW¥ HI ffi 
£$J/£bfc(gcll)o 

Cifeii] 





k a (1/Ms) 


k d (1/s) 


KD(M) 


PF1-lgG1 


1 . 5E+06 


4. 4E-05 


3. 0E-1 1 


F2H/L39-lgG1 


7. 7E+05 


4. 0E-05 


5. 2E-1 1 



WfnJrb F2H/L39-IgGltt, KDfg^L-CmO ^— £r|f jtbT*5«9, ®#>T 

^V^T^^-Y— ^TbTV^5#\ k ^PFl-IgGl^i:b^bTl/2©S^fiTbTV^ 

a 
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[0179] F2H/L39-IeG 1 <7)tHL-6U±Z??— *P $UMS%MM 

tMbPMlijL#:(H^M> WT), jo<£l>\ F2H/L39-IgGlOcfifPfgt*C0fl z tf ^Jfe^lJ 
l^^-f^^-CtTofc 0 f&U human interleukin-6(TORAY)}ftJ^600 ng/mL^bT 
^HfPffitttDWfffi^To^ m 34 ^-f-^*5<9, WT^^bKL-CF2H/L39-IgGlttl00 

[0180] F2H/L39-IgGl(D^m^mMactt^«fcS^g:^M 

F2H/L39-IgGl(D^m^^^WiJ3^fSL^fe-eSiJ€L7^ 0 F2H/L39-IgGl<D^ 

^-e»»]ti^^b^eic#b-cv^^%^bn7c 0 

r<DF2H/L39(D"ST^^^(VH > VLjSE^'J) <DSIra^1tt>&£rGENETYX(GENET 
YX CORPORATION) {U^tf %\JtckZ-%, at^^,M4.3-Cfcofc 0 WTtDSfj^ 

9fgTb/cF2H/L39^S#P 3 ^/ Co 
[0181] F2H/L39-IgG 1 (D #c^M^ /H^^PK/PDftgfc 

WtPMltfiW (M%M. WT) , PFl^L^*5«J;OT2H/L39-IgGl<Z5^;^^-Ylf/H!:*5 
tt5MI^I&^(PK):fcJ;T*Ig^(PD)&i¥#bfco WT, PFl^«tOT2H/L39-IgGlSrl.O 

mg/kg-e^-R-^m&^U S#Blj^J:«0#W^MifiLb7b o HJ£M6t^^ 

trL^^jfiLi|ffi«S^>?llJ£S:ff ofc Q WT, PFl*5«ttJ ? F2H/L39-IgGl(DjfiLS|ffi^S 

Ji^Sr|2l35^bfCo #~^fvHflMlL-6U-t::7 0 ^~ ^(D^^fP^tVCV^ 
a><^!^&fW1"5fc£>f^ £i#&-%-&3B g(day3)^bl0B g (dayl0)*T'^^^-T 

if/WL-6 5^g/kg^MWfP}-jS0^TS^b, 24B#re&o#te#tf>CR^£&«!J 

^b/^ 0 WT*5=tt^F2H/L39S J ?-0#»CRP^Sti#^H36^^b7b o #^>flF/P 

WT^J:t/F2H/L39^^^(D#^^M(D^^^-rif/^BT^MlL-6^ir^— «fi?Jft 
#£El37^b7c 0 

:^©»?>, WT^PFlfi(S(S^^(D«cF^«#^b7^(D^*j-b-C, =fc 
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[0182] CHJfeM 1 4 ] WT-M 1 4 (D Jk If cp jMttfM 

IgG^O tMf fpiTOtt^V N (M£c^5gV ^) (Dn, lgGft^(D^-7^—l?U^7 0 
^^-^LT^qbtL-CV^FcRn^^fgLTV^cJ6-Cfc5(Nat Rev Immunol. 2007 Sep; 
7(9):715-25) 0 tVlMb— ^tiotxyKy- A^^jA^/cIgG^-TO, ^y 

a&S-i-So FcRn^^-e^^^^o/ciigG^T-ti^yy-A^it^^yy— a-c*^ 

»^ix5^\ FcRn^^L^IgG^^«llflISlftr3:^fTLiklt^(D^t4^T(pH 

T^fM-^i-^V^TFcRn^^flfflt^S-^^S^jfiLlK^^MSc 
IgGy-ry°(DijL#:^LT, IgGU IgG2 N IgG3, IgG4(DT-fyy^7°^£ni^-CV^>^ N 

rtL^^tf-CcDlfrilf cp^Mffltt> IgGU IgG2«}36 0 , IgG3#S$j29 0 „ IgG4^i6 
0 •efc5i^dS##^ttT*3l9 (Nat Biotechnol. 2007 Dec;25(12): 1369-72.) N IgGl*5 

ylilgGU IgG2, IgG4-Cfe5^ x r^Lb(DIgG^{*^#Jtbfii^^^[B]Ji-^5^& 
tLX, \gG<D^m^(Dnm^^^tX±mcOWcRn^(D^^^^]±^ 
^±^&^^thX\y^U Biol Chem. 2007 Jan 19;282(3): 1709-17, J Immunol. 2 
006 Jan l;176(l):346-56) „ 

•^^^FcRnithFcRn-Cfi@^^S#fei-5r^^b(Proc Natl Acad Sci USA. 200 
6 Dec 5;103(49):18709-14),^SM^»IS^^B«L^IgG^f*(Dth^fcif5lfjL|f 
^Wtt&^&'N-Sfc&fcte, thFcRn^^^^Wfffi^il^thFcRnh^y^^n 
^y^y^^fcV^TilLlt^t0Wt^I?tf^5^^^M^LV^#^b^(lnt Immuno 
1. 2006 Dec; 18(12): 1759-69) 0 
[0183] fchFcRn^<£>M-frlM 

FcRnfiFcRn<ir 0 2-microglobulin(D^'^#:-efe5 0 ^M^^TV^SthFcRnitfe^ 
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BB#I(J. Exp. Med. 180 (6), 2377-2381 (1994)) &jniZ.^ ^y^DNA^-f-e— ^{f^M 
L/c 0 thcDNA(Human Placenta Marathon-Ready cDNA, Clontech)£r§f I^L, ft 2 ®* 

i^/cDNA|FHt^#IMi-, PCRfe(-J:«9^^-/^^^t£>|PiIS^M^(Metl-Leu2 
90)^= — Ki-SDNA^^ittML, tt^lffl^^^— ^#AL7^(thFcRnT^ 
y^lB^lJ gE?lJ#-§-:140) o |^#^ > ^5S$tbTV^th/3 2-microglobulinia^T-IB 
^IJCProc. Natl. Acad. Sci. U.S.A. 99 (26), 16899-16903 (2002)) ^V^DNA 
-7°74~^— £rfN&Lfc 0 thcDNA(Hu-Placenta Marathon-Ready cDNA, CLONTECH 

Fc&MMistco nbtifcDNAmK&mm^ pcR ; m^>9^?-r^m$c&^& 0 2-m 

icroglobulin^S(Metl-Metl 19)^3 — Ki-5DNA$rK*3rif AMU WjWM&^U^? 
-^f AL-7c(th i3 2-microglobulinT^/^ia^lJ BH^'J#-^: 141) Q 
BXt§MthFcRn(D^Jafi^T»^JllI"C ; ff o/c 0 ffSLfct hFcRn:|o £t^tb 3 2-mic 
roglobulintDT^^^K^T* 10 % Fetal Bovine Serum (Invitrogen)^rffi V ^/clipofection^ 
JU;<9, tM^^WSlBISE±3 5r5HEK293H^(lnvitrogen)(D|BlS^aSAL7t 0 mbthfc 
Jiftf ^[nl^L/cl^ IgG Sepharose 6 Fast Flow (Amersham Biosciences) ^rffiV" 1 
N (J Immunol. 2002 Nov l;169(9):5171-80.) (D^fei^V ^ftM^tf o^ 0 -^GQ^ Hi 
Trap Q HP(GE Healthcare) IZjityffiM&ffifto 

tbFcRn^<D|^f¥«U3Biacore 3000 £rfflV\ i?>ib— ^y^i^H^fcLfcProt 
ein Lfe5V^ttr>-tf^ t HgG Kappa chain^f^^^^^f*^ X^-fb^L 
TtbFcRn^@S{tffl^^^<DthFcRn(D^fiJ: I 9affinity(KD)^^mL/c 0 
^J^fi, ^^^^T" <^LT150mM NaCl£"a t?50mM Na-phosphate buffer, 
pH6.0^/iV\ r^^^y^&^^ir^f— CM5 (BIACORE) (^Protein 

LfeSVMi^-^^^LtMgG Kappa chain^ft^g^fbL-fco ^CD^ ^f$^0.02% Tw 
een20^tf^^^V^^^T^^%^LT^^^^hL^^^°(^{*^^$^ 

fcm, tbFcRn^MVv^bU tbFcRn<D^#^<D^^ffi0]£fWLfco 

Affinity (D% OB fcfiy 7 b^T, BIAevaluation^rffl V \fc„ ^ktWtir^ib— y^AJ; 
•9* thFcRn^^^yh^TEFtu^^^^^hFcRn^^fi^r^*, r.fl^steady stat 
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[0184] bp- FcRnt^^^^^^lLMl^iMM^MM^MM 

fch FcRnb^>^.^c=-5/^-xT>^.(B6.mFcRn-/-.hFcRn Tg line 276 +/+ Jac 
kson Laboratories) ^^itSf^rtftM^WfffifiJI^T^M^iTofCc, tfiVf&^^Kl 

°C, 15,000 rpm-ei5^ffi3S>L^Hb, ifcJt £r#fc 0 ^iffL-fclfcJf fct, SiJ^»^ 

[0185] WT-M14(D^f^fetf?)jJri4f ^7^l^(D"r>ylll¥fffi 

WT-IgGl^WT-M14(DthFcRn^(D^^tt(D|¥#^BIAcore^J:^fTo^:^^:, ^ 
12^^-f-^«9, WT-M14(7)^^t4c7)f55^jil^^-WT-IgGlJ:'9fetf^"CV^ 0 
Si 2] 

KDQiM) 

WT-IgG1 2.07 
WT-M14 1.85 

L^Lft^b, WT-IgGl^WT-M14(DtbFcRnh^^^^iy^^r>^^^o{t5jfiLiK 

[0186] [^JfeMl5]^^S]ls^fB]-h^^:7tWT-M44 N WT-M58, WT-M73<D#M 

HjjiMl4i^Lfc^*5 1 9, WT-M14(Dth FcRnh9>*^^iy?~^?XiZ$3b-t&ik 

Jfefij4^*DV ^TWT-M14^^{t^#L/cWT-M31 A GKCDEU^>^y>^397# g CD 
<Z)r&^WT-M31 AGK C|AL, WT-M58 (8E?IJ#-^: 142 (T^/@^IE^IJ) ) ^fpM 
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b/c 0 $&%S<?9— (Dj^mn. MWl^^WlL, H^tbTWT-M58^fflb 
, Lf^LTL (WT) &m V ^cWT-M58(D^Ja • mM^MMM 1 ^fH^Lfc^fefe^To 

/ ^— o 

[0187] WT-M734>^<£>fEf& 

— ^\ IgGlf^xtLT, EU^-^^y^:434^g^rT^^(^^L/'-WT-M44(@a 

^«-r5/c^(-446# g (7)^»:/3oi;iM47# g ©JJ^&^tft&iirfc 

WT-M83(IB^IJ#-^: 185 (T^/^gB^J) ) ^Mbfc 0 ^fc, WT-M58^*f LT, EU 
-fytyytf : 434# g ^T7^^i-gi^L/cWT-M73 (fE^J#-S§- : 144 (T^/^SB^IJ 

V ^(iWT-M58fe6V ^(iWT-M73^^ffl U LfeLTL (WT) ^ffl V ^cWT-M44*5 it) 5 
WT-M58feJ;mVT-M73(D^^-|tMfi^WU{-fflftLfc^fefe-etfofc 0 
[0188] WT-M44, WT-M58. WT-M73(DtH^fctt^) rfn.%f foffiffitfrtD^jBlflMiffi 

WT-IgGl, WT-M44, WT-M58*5 J:I^WT-M73(DthFcRn^(D^'^t4(Df4 z fffi^BIA 
core^J^frofd^^ ^13fc^H-£;fc3>9, WT-M44, WT-M58*5j:tJ ? WT-M73(D^ 

f i WT-IgG 1 «fc iQh^tn^nm 2.7{g\ jfolAinfeX 3 . 8fg i&SISiiVC V ^C c 
[3c 13] 



KD(mM) 


WT-IgG 1 


1.62 


WT-M44 


0.59 


WT-M58 


1.17 


WT-M73 


0.42 



WT-IgG 1 „ WT-M44, :fe«fcTWr-M58<DfchFcRnh7X^:r^ y^^fc&f'ta 
iLfcffftt^flft^lTofc^, H39^-r£:jo«9> WT-M58«WT-IgGl*3j;tJ« 
WT-M44^J;b^bT^#llj^<7)[R]_h^f|^$tt^ 0 WT-IgGl, WT-M44, W 

T-M58;fcJ;tAyT-M73<DfchFcRnh^;^i^ 

fNffi&fTofcJjfe^ 11140^^-1-^*319, WT-M44, WT-M58&5j;t)*WT-M73{3:l^f 
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[0189] [|IMMl6]«^^#:^^{tSff^SM^M14^J:TJ«M58^J:5^^n^^ 

^^^-^{jsM-e^sr^^sm^tL/-^ ^r-e, tMbPMi^{*^i g G2^r7° 

tH bPMl^f$J^<7^#^LT, ^7LlL-6Hr^— 4jL#;-efe5F2H/L39 (F2H/L3 
9_VHT^/^Ifi^J gB^IJ#-^*: 145, F2H/L39 VLT^/MfeBB^J IE?!l#-*§-: 146) , }jl 
IL-31W4r^— !/Cf$"Cfe5H0L0(H0L0_VHT5/^ia^lJ |fi^lj#^: 147, H0L0_V 
LT^/^gB^lJ BH^IJ#-^- : 148) , trtRANKL^Lflc-CfeSDNS (DNS_VHT^/^IB^lJ 
m^m^r: 149, DNS_VLT^/g®fi^J IS?lJ#-^: 150)£M£fflLfc o -?rtt^tt(D^L 
ftfcfcfLT, ^SM^IgGl(IB^J#^-:19), IgG2(IB^IJS^-:20), M14( 
E^IJ#-^ : 24) fe5V MiM58 (BH^J#-§- : 151) fcbfcfcO&ft^UrCo 

ffofc 0 |flLfc$i#:<7)^fn^i^f^- (DMifi, ^7^AirLTProPac WCX-10 ( 
Dionex)^fflt\ #fttBA<JrLT20mM Sodium Acetate, pH5.0, ^t&+@B£LT20mM 
Sodium Acetate, 1M NaCl, pH5.0^j£>lL, jS^^^jS^o ^t^^i^^^h^ffl V 

Hffib^i 0 ^^^m^n^f^^^-(iEC)^J:5l¥*^fTo^^:^|2|41^L 

1 1 — o 

Hl41^Lfc£:io«9, feiIL-61/4r^— ^^fc5tMbPMltrt^(WT)f£ft-C^<, 
+5lIL-6UW 0 ^--i7t{$"C$?5F2H/L39, ^IL-31 W?:7°^— 4^ffc^fc5H0L(K ^lRAN 
KLtrt^*CfcSDNS^*5V ^Tfe, ^^fM^IgGl^IgG2^$H-5^-C-- fn^ 
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[0190] CIIJfeMl7]^^^^^Nt53|f^S^M58^J;5^#J»lMQfe#^ 

WkPMlffifo(WT)SX?\-(DtfifokL.X ^ }jlIL-31W?^ — JfCffc-C&SHOLO (H0L0_ 
VHT^y^IB^lJ m&m^: 147, H0L0_VLT^/^IE^lj ffi#J#-^: 148) , #CRAN 
KL^rC#;-e$)5DNS(DNS_VHr^/^IS^lJ IB?!l##: 149, DNS_VLT5:/^IE^IJ IE 
?|J#-^: 150)3H£fflbfc o ^M^KD^f-MU , ^S^SrlgGl (BB^J#-^: 1 
9)*5J:t^M58(IE^J#^:151)^L/cfe(D^ML > HW(Jl4(^L^S5-CthFc 

[^14] 



KD (|jM) 




WT 


H0L0 


DNS 


lgG1 


1.42 


1.07 


1.36 


M58 


1.03 


0.91 


1.03 



mi4K^fcbteV, #CIL-31Ui?^— #C#:-C$>5H0L0, feiRANKL^#:-efeSD 

^^L^iE^j^^wjgcoaii^M^bT, s^^i g Gi^^M58^^m-rsri 
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[0191] [^jifeMl8]CHlK^^ 

mm 

tc 0 &m&mw-<Dmn<DMi$k, i?^i g G2^i«iE^j<D5^ huccdchiktmv 

4ry^y vVJ-Bft^U H^Oupper hinge(^^-T5EU^^^y^219# g 
^-r^iry^^^b^^^T^SSKSCdS^J^-^: 154) Hiot, gc^tt^ 

o 

— ^\ — fn^^f^ &i&U-i-%jjfekl,X s H|g<Dupper hinge ^#fti"5EU 

^^/^y^2i9#g(D-->^^(D^.^y^^B$:^-t-5^fefe, 22o#g<D 

^^-r^(D^^iry^^Bic^-r5^fefe^S#^b^L5 0 IgG2COEU^-^^y^219# 
g (D^^^iry^^Bic^L/c^|gi^-efe6SC(SE»-^-: 155) , fcJ:t>\ IgG 

#-§• : 1 56) ^/E^Ml^ W^5WT-SC (@E^J#-5§- : 1 57) jo «£t)*WT-CS (IE^J##- : 
158)£rfEMU WT-IgGU WT-IgG2 N WT-SKSC&£XJFWT-M58b(D^Trii/^^*r 

trt#:-efc5F2H/L39 (F2H/L39_VHT^7^IE^J gE?IJ#^: 145, F2H/L39_ 
VLT^/g£gE^iJ @E^iJ#^-: 146) fcfcrLT, ^Sffi^^^^LlgGl (BB?!I#-J§-: 1 
9), IgG2(BE^iJ#-^:20), SC(BB^IJ#-^:155), CS(SB^iJ#-i-:156), SKSCCiE^iJ 

154), M14(IB^IJ#-^:24)^Lf^F2H/L39-IgGU F2H/L39-IgG2, F2H/L39 
-SC, F2H/L39-CS, F2H/L39-SKSC, F2H/L39-M14^fpMU ^rnvb^^ — 

WT-IgGl, WT-IgG2, WT-SC, WT-CS, WT-SKSC, WT-M58*3<tO i F2H/L39-Ig 
GF F2H/L39-IgG2, F2H/L39-SC, F2H/L39-CS, F2H/L39-SKSC, F2H/L39-M1 

^Tofc. WCX-10 (Dionex)£rfflV\ #ftfBA£LT20mM Sodiu 
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m Acetate, pH5.0, ^iJjfgB^L^OmM Sodium Acetate, 1M NaCl, pH5.0£rf£JBL 

(DM^iifetLT, ^^«®mfiSiJ^ (DSC) ^J:5MrW HQ MS (Tmffi) COf? 
ffi<HTofc(VP-DSC x MicrocalttM) o (Tmfi) Ji2c^t!fe<Djf ^IT* 

r£/^M3;LWj Pharm Sci. 2008 Apr;97(4): 1414-26.) 0 WT-IgGU WT-IgG2, WT- 
SC, WT-CS, WT-SKSC, WT-M58£r20mM sodium acetate, 150mM NaCl, pH6.0(D 
MWUZ-MLXmVf (Easy SEP, TOMY)>HtV\ ^j0.1mg/mL(D^^^^®?jftST\ 40°C 
^^100°C^l?l 0 C/min(D#Mj£^^DSCSlJ^iTo^ 0 #^/cDSC<D^ttft!^ 
H]43}^ Fabfp5>(DTmfg^T»Sl5(^Lfc 0 
D*H5] 



Tm/°C 


WT-IgG1 


94.8 


WT-IgG2 


93.9 


WT-SC 


86.7 


WT-CS 


86.4 


WT-SKSC 


93.7 


WT-M58 


93.7 



WT-IgG 1 *3 tAVT-IgG 2 (DTm jjt fi f 3: f£ 1^ "C^ 94°C fSS (IgG2 (D }S5 ^ 1 °C{& 
V^)-Cfeofc(D^^j-L"C, WT-SC^J:t) ? WT-CS(DTmfitfi^86 0 CT;fe^, WT-IgGljo 
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J;mVT-IgG2<^bKLT^L<Tm{jt^{J£TLTV^/ci 0 > WT-M58, WT-SKSC<7) 
Tm'fi:fi^94 0 C"efc ( 9, {5{^WT-IgGl*5j:D ? WT-IgG2i:[s]^-efeofc 0 WT-SC^oJ; 

03; LV ^t^PibfrlfCo WT-SC^o J;WVT-CS(DTm'fii:^lgG2^i:b^LT^:i|iM^'(STb 

DSC'M^rM^^Utli^ WT-IgGU WT-SKSC, WT-M58(DFabfP5> 
^J^LT, FabfP^-(D^t4t 0 — ^S^P- K^CfeD, WT-IgG2ttFabfP^(D^ttt 0 

■^y— )as#£i-5*&£\ m^°—^n^u^izf^tn^hth^ 0 -r^fDib, wt-i 

gG2, WT-SC*3«tO ! WT-CS^ri1gfC^5>#^Eb % WT-SC&<fct*WT-CSJ^ 5*c^M 
IgG2<7V^n^^7^— #*+$M£i$$;ft/Cl vfcl ^m^^^thfc 0 ^.(D^bfr 
5f^MlgG2(D^7 i n^^^— «t^fP5>(D^^-f^(D^^^-f , CHIK^ 

m^5r^T^^TIgG2 < t^^(D^^tt^li^Loo^^nv ? ^^— Sr^dlg^ 
14, M3U M58, M73Wfr^fhn, #(31M58*5j:tJ ? M73fi^#>ljlfli^ffi]_bb N 
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[0192] mMffll9}PK/PD&ijtWlsfz.7n±thiklL-6U^y°?— ^.^(DffM 

TOCILIZUMAB(HlI WT-IgGl (@E^lJ#-5§-: 15) „ Lit WT(IE^lJ#^§-: 105))fc2t 

^IgGl^^M83^g^L/cfeCOtLT, VH5-M83 139 (T^/^IE^J) ) 

L5-kappa (IB^IJ#-^ : 181 (T^/^IB^J) ) ^Mb/i 0 ^-ita^MTJl^n 

Urt^JH:, ^^tMbIL-61^ir^— KftiLT, Fv3-M73 (H^ VH4-M73 SE^IJ# 
182, LiC VL1 -kappa SE^JS^: 183) „ Fv4-M73 (H0 VH3-M73 BE^lJS^-: 
180, LjjC VL3-kappa IE^lJ#^-: 181) „ Fv5-M83(H^ VH5-M83 gE^IJ#^-: 13 
9, LJI VL5-kappa @E^IJ#-^- : 138) &&ftl,tz. 0 
{ y F©L/cFv3-M73, Fv4-M73, fcJ;U ? Fv5-M83<DIL-61/*teV7$ ? ' — 

— ^©77^f^- &$J^LfcJ|fe£^16l3:^Lfc 0 ^7C, BaF/gpl30<DtpTTlffitt 
^TOCILIZUMAB^o^^^hn— /U(^^m<D^^<DMM%U'&MlL-6U±7°¥ — 

#t#, US 2007/0280945(-jo^6VQ8Fll-21 hlgGl) <^lb^L/c 

300 ng/mL:TOCILIZUMAB N 3yhn-;k x Fv5-M83) *5 =fctJ«|S]45 (IL-6^jiS 30 
ng/mL : TOCILIZUMAB, Fv3-M73, Fv4-M73) fc^Lfco ^16^^W-£&5<9, Fv3-M 
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73, Fv4-M73« N TOCILIZUMAB^)b^LT2~3{^^^V^T:7^7V— ; ^ TTU 
Fv5-M83fiTOCILIZUMAB^it$JSLT100'f&© 1 g3SlV ^7^^f-f-^Lfc (Fv5- 
M83-CfiT^^^ — <D&iJ^ s HH"T?fcofcfc^ )^M^IgGl^b/cFv5-IgG 

ir#^P?tb5) 0 l345m^-f-^d3«9Fv3-M73^ Fv4-M73fi, TOCILIZUMABtJfc 

KLt^it ^tt£r^U H]44l3:^i-t*5l9Fv5-M83f*TOCILIZUMABtiti55b 

it S5 V ^ fp ft ffitt^ b/c 0 
[Si 6] 

k a (1/Ms) k d (1/s) KD (M) 

TOCILIZUMAB 4.0E+05 1 . 1 E-03 2.7E-09 

Fv3-M73 8.5E+05 8.7E-04 1.0E-09 

Fv4-M73 7.5E+05 1.0E-03 1.4E-09 

Fv5-M83 1.1E+06 2.8E-05 2.5E-11 

TOCILIZUMAB, nyhn-/I/ x Fv3-M73, Fv4-M73, *3«J;OTv5-M83<0^®^S: 
Sll^^cD^-^^^^^m^W^tij^^^SlJ^bTc^^:, TOCILIZUMAB <D*g 
tL£U3:^9.3, rn^Fn — /W3|t)8.4~8.5, Fv3-M73f"±$*j5.7~5.8, Fv4-M73ti$l5.6 
~5.7, Fv5-M83(i5.4~5.5-Cfe'9, V vf tt(D^f$^TOCILIZUMAB*5j:t>^^ha — 
/^JtKLT^«^CdS^:i|gl!HgTbfc:o *7b, ^MJ$VH/VL<D3Sii^S,£,£GEN 
ETYX(GENETYX CORPORATION)^^ ^b/c^r.^, TOCILIZUMAB CDSfro^ 
H,&{3:9.20, =i^hn— /W17.79, Fv3-M73«:5.49, Fv4-M73(i5.01, Fv5-M83tt4.2 
7"efe"9, V^TtLCO^L^TOCILIZUMAB*5j:t>^^hn— /UbttML.X%$Mj&&3: 
ifgfcfSTUfc,, iot, Fv3-M73, Fv4-M73, 5oJ;tJ ? Fv5-M83fiTOCILIZUMAB*5«J; 

TOCILIZUMAB, Fv3-M73, Fv4-M73, £5 J;0«Fv5-M83(DlT^M^IB^IJ(^#lT"f" 

5T-cell^t°l ^grTEPITOPE (Methods. 2004 Dec;34(4):468-75) &FQ\/^Xffl$f$: 

tfofc 0 W^Jl:, TOCILIZUMABfi#<(DlB^IJ^SHLA^^^-f-5T-cell^bh— ^° 
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ffifttEirZ>b I f'ffl£1niLi()K FV3-M73, FV4-M73, to J:t/Fv5-M83«T-cell^t°I 

^Kffi^&k^mZnf^fM^^KM'PlsfCo &ft^ Fv3-M73, Fv4-M73, *5<t 

©ri^b, Fv3-M73, Fv4-M73, *5 J:t>«Fv5-M83(7)^^Jgt4{iTOCILIZUMAB^J:i: 

[0193] [^JfSM20] ^ftWlF/^PK/PDt^ 

TOCILIZUMAB, nyhn-zk, Fv3-M73, Fv4-M73, *5 J;t^Fv5-M83^^-^-f if 

0) o TOCILIZUMAB, Fv3-M73, Fv4-M73, & J;OPv5-M83(DffHMrtS-^<7)ifiL 
c F^tSti#^Hl46^^L/'- 0 ^(D^^ Fv3-M73, Fv4-M73, 3o £OTv5-M83{3 

V^T^TOClLlzUMAB&^t^^n— /ubik$t^X%^?4'fM^&\<^X^&K 

J« W^t£^ejc#b/c 0 fefrXh, Fv3-M73^Fv4-M73(DjfiL|tcfitWttfiTOCIL 

izuMAB^jttsebT^ciiigiziafeiibfCo 

g>l^ tn/{fcl£#6B B^e>18B S(TOCILIZUMAB^g@bTfi3 0 i^fblOB g)3TC 

5^g/kg£MW^^B^Ttx^-U 24R£R8&<D#te#<£>CRPj8 
Jt^|iJ^bf'(^7fett##M#m) 0 ^#:&WOCRPMll£#£IIl47^b7c 

Fv3-M73, Fv4-M73, fcJ:OTv5-M83fiV^i* ttfeTOCILIZUMAB*3«J;'0^^q<DiiS 

&^W^^l^fULCRP^mi]n&MMm#\lMLfc 0 &fc s Fv3-M73, Fv4- 
M73, 3o J:t^Fv5-M83fiV ^Ttt^TOCILIZUMAB^S it^^^hn— -/>i:]t^bT^7^ 

MIL-6H?37°^ — (7)cpfP(D^itt4^KbTtt, Fv3-M73, Fv4-M73, £5j;OTA5-M8 
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^^^feFv3-M73^Fv4-M73(D^^P(D^itt4(i^*TlS^TV^c 0 — ^\ Fv5-M83 
(D(S9^ s Fv3-M73^Fv4-M73J:^CRPfcJ:t>>N^^M^^^lf/l-^^MlL-6^-fe^ 0 
*~&{&<ttlf&iJLTl^5££a^ Fv5-M83(«MlL-6^ir^— joJ;t^TiX]§MlL-6 

^Fv3-M73^Fv4-M73^J;0 $ ^^P(DrSilifPt4^IL-6^ir^— ^f^Tfe 
Sn^hn— 7W«t«9 1 fe^^jl!:ffi5pnL"CV^S^#x.^tl/fc 0 ^nfiFv5-M83^^>fn— 

TOCILIZUMAB*5«tt^3^hn— /I'^JtlRbT^ Fv3-M73iFv4-M 
73«^IL-6Vir^-^fp^f$^bTf^ffi^#^tt^^*TffinT*3<9S^-MS 
&£TJ^^m&*mfcm$tt^k& £fc> Fv5-M83«#lIL-6H?^ 

S^^J^tti^/jlo J;oTFv3-M73, Fv4-M73, *3«tOTv5-M83fiIL-6T^=f^^ 

[0194] 

I^H? .^7^^^wrg?m J IL-6^ir^— (cIL-6R) ^JUjgj 

^H$ttTV^T^7yifyWL-6l/ir^— jtfeT-IB^IJ (Birney et al, Ensembl 2006 
, Nucleic Acids Res. 2006 Jan l;34(Database issue):D556-61.) &jvlZ.^V=?DUA7° 

^ML/c 0 #^tL/cDNAl|ffK-»#)lBJ3^lf§m-<^— #AL, r^fflV^TCH 

0)£1tV"^5M* (cyno.sIL-6R|I^CHO|PBJjS) grf^Lfco cyno.sIL-6R|I^CHO|fflJjS 
(Dm^Wi&HisTrapjjyMGE^/^SrT/^yt^^^X) X^Wik, Amicon Ultra 
- 1 5 Ultracel- 1 0k(Millipore)£rffl V ^TitflsU Superdex200pgl6/60^V^6iM#^ MG 
E^;V^Ts^^4^l/^)X^\Z.1^m&^ \ T^M#^-f fvML-6^:7 0 
C^T, cIL-6R) O^fffMn^L/^ 
[0195] M^-m^i7^^^-y>^IL-6(cIL-6)^fgM 



^7^^if/WL-6fiJ^T60J:5^ii$^L-fc 0 SWISSPROT Accession No.P79341t^ 




WO 2009/041621 



141 



Translation for WO 2009/041621 
PCT/JP2008/067499 



n-^^U CHO^^^^A-r6rir-e/tS^^ffl^*WMb/c (cyno.IL-60 
^CHOlBflS) o cyno.IL-6B^CHO|[aJ3S(Di^#^^:SP-Sepharose/FF^77A(GE^ 
/KX^T'M^1M^>^) -C^fM^x Amicon Ultra-15 Ultracel-5k(Millipore)^rffl V ^ 

{-*f?M^iTl\ Amicon Ultra-15 Ultracel-5k(Millipore)^fflV ^T^ijgL, v&^-Yif 
/WL-6GEJT. cIL-6)(DS^W®p n p^L^: 0 

[0196] ^MaMfniffiIL^6j^2^ri^^£IM 



AS 



^^P(Dri5SfPt4irCIL-6U-fe^— inffctLT, US 2007/0280945 Al^fBg^;ft/C 
V^i^0^O'tt^LlL-6H?^^-^ ! L#:-efc5VQ8Fll-21 hIgGl(US 2007/0280945 Al 

A^|a^^^^/cPCR&(assembly PCR^J^fNWU ^S^cfcoVvrfilgGl* 

^fflbfc Q Assembly pcRmi^vfofc^mt&kmmmm&^^, mmmmm 

[0197] Biacore^J:^IL-6Ui?-7°^— ^(Pf£^f4Miffi 

Biacore T100 (GE Healthcare) SrfflV^C, ^JH^^S^^jS^fmW^+if^ff ofc 
0 i?>f-—^^^°_h^T^^^5/^ D y>^i"Canti-IgG(y -chain specific) F(ab') 

2 

SSH^ibL, ^pH7.4^^Tglft<D^#:^^$^ $b^pH7.4^^V^TS 
* (D|gS^|^L/tIL-6Hr^— -efe5SR344^rT^-^b^U-C^U > #l{*^SR34 

4(DffiSftffl^rf|iJ/tL/c 0 rIiJ/£(^T37°C-e»U/c 0 riy^Tlt^/c-u^-^ 

A^ib, ^--CfeSM-^M^m k (1/Ms), *5j:TJ*fl?|tlMS 

a 

^iCk (l/s)^|fffiU^c7>fii^<H-K (M) ^Iffilfco #/^^-^-<D»ti]^ 

d D 



Biacore T100 Evaluation Software (GE Healthcare)^rffl V ^fc Q 

[0198] ±7UPK/PDMmL^m&MM CRP»tf . ^M^E^MlL^6k±2^ 
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CRPmm-i^T^ R CRP (Bim-fb^^tfOlJlT, iUj##f^«(TBA-120FR 

(DMQfflfelsfco %^4^f/^(Dik^30 n L^r0.22 ^ m<^7-f/^— ^7^7 0 (Millipore) 
l^joV ^T^^$-ti:/c]lft(DrProtein A Sepharose Fast Flow (GE Healthcare)^! 

fe^f*) ^ProteinA^#£^/c 0 TOfe, ffiM-«W^yL, 
[l]l|XL/c 0 /^^^m(-ttproteinA^^^L^tfIL-6^ir^-^#:-^^^lf/^ 
Bl^MlL-6Vir^— IS^-ftfi-a-^^V proteinA/^^^^tD^^^-f^ 
/^Bj^IL-61xir^— a^^'J^-rS^^oT, #^M»^MlL-6^-fe 

ft^Lfc^^-ffv^ (cIL-6R) Sr**^— Fi-ffiV^T, fcML 

MS) x 100 

[0199] ^^^i-J:^, fcMb£lIL-61/i?^— IgGl^rC#:-efe5TOCILIZUMAB(7)liT^M^ 
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[1] KT»(a)~(y)l ^~rtlfr\Z. : §EM<DmL-6U>fr7'?— %iW ; 

(d) IE^IJ##- : 2^fa^<DT^/^IE^IJ{-*5V ^T8# g (DThr^fft<DT^/^g|&£ 

(e) IE^J#-^-:2(^fBgi(DT^y^@fi^J^fcV^-C9# g <DThr^Sftfc^T57^{clB4^^ 

(h) IB^IJ#-^-:3^|E^(Dr^y^IB^J^*3V^-r5#g(DThr^f^(Dr^/^^g^ 

(0 iB^J#^:3^fBtt^T^/^IE^J}-feV^T7#g(DAla^(Dr^/^^M^n 
TV ^CDR3^W-f-5MiI^M^'a tP #t#, 

(j) @B^lJ#^:3(-fEi6(DT^7^IB^J(^V^T8#g (DMet^ftii(DT^7^(-Bm^ 

*l/CV ^CDR3^-t-5M0^I^IB^^£pfeif*, 

(k) IE^IJ#-^:3{cl|B^(DT5/^BH^J(cl*3V^'ri# g (DSerfc J;0«5# g (OThr^fri 

(DT^/^5-mm$^TV^SCDR3^^^6mit^^f»^'atf^f*, 

(1) BH^IJ#-^: 3(clfBife(^r^^BE^IJ^*5V^2# g (DLeu, 7# g c£>Ala:*3j:TJ*8# 

(m) ia^j#^:4^fa<c»r^y^@a^j(-fcv^i#g(7)Arg^ftJi(Dr^y^}-gm$ 
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(t) gB^J#^:4^fBi6tDT^/^IE^j^:}oV^9# g (£>Tyr^fr£<7)T^/^g^£ 

tLTV^CDRl^t>Wli#^:6^|E^(Dr^/^IB^J{-fcV^T3#g(DGly^f^(Dr 

^/r^^em^^TV^CDR3^^5^$l^I«^'atpfe ! Lf*, 

(u) IB^lJ#-^:6^fS^(Dr^y^IB^I^*5V>T5# g (DThr^f&<DT^/^fii&£ 

(v) @B^J#-^-:6^fBic<DT^/^ia^J^*5V^Tl$ g (DGln3o £^5$ g (DThr^ftfe 
(DT^/^^gm$^TV^CDR3^^6^it^M^'ati > fe ! Lf*, 

tLTV^5CDR2, feJ:t^W'J#-^:3(-fB^(Dr5:/^IB^J{-*5V^Tl#gCOSerfeJ: 

(y) (e)<DCDR2^^P 3 (^tp(x)^fBft(DirLf* 0 
[2] IE?lJ#-*§-: 5^fE*c(DT^^IB^J(-fcV^T2S g <DThr^ftoT^S^em£tLT 

[3] ^T?Xa)~(y)l ^ ^^Jlfatt(D^LlL-6Hr^— JrC^ ; 
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g (DArg, 16# g (DGln, 23# 
g 05Thr*3«J;tJ ! 3O# g (DThr^^(DT^Wt^W^fl'ttFRl^^^M^^M.^H 

(f) ia^J#-^:8^fBftC0T5:/^IE^Jl-*5V^-C8# g (DArg^{rJl(DT^^g#|$ 

(g) SE^iJ#^:9^ffiic(DT^y^IB^J(-^V^T4#g<DMet^ftil<Z)T^y^^gm$ 

^FR3^#-r5m^Bi^is^^tf^L#:, 

(i) IB^J#^:9l-fBS^T^y^@a^J(-*5V^T16#gC>Arg^(DT?/^^g^$ 
^cFR3^rWi-5M^"ST^IS«^£?^L#:, 

(k) ia^lJ#-^:9^fa^<Dr^/^BH^J(-*5V^T4#i<DMet N 5# g (DLeu, 16#g 
(7)Arg*3 <f0«27# g <7)Val^Sftfc<DT?/^(clBiSl$tt^FR3^r^"i-5fi^ bT^^^ 

(1) la^lJ^^-: 10^fStt(DT^y^Sa^J^V^T3^g OGlnjOSftfc<7)r^/i6^eife$ 



(a) Ba^!l##:7lJl|E*feor5yilBE^Jl31*3V^T13- 

n/cFRl^^-r^M^I^M^'atf^^, 

(b) IB^iJ#-^:7^|Eft(Dr^/^IB^I^*5V>T16 

(d) iE^iJ#-^-:7^fE^(Dr^/^IB^J^*5V^T30 

^FRi«r#i-sm^Rr^^^tp*t^, 

(e) m^m^r : 7^ffiic(DT^y^@E^J^^V ^T13 
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(r) |E^J#-^:13^|Bft(Dr5:/^IB?IJl3:*5V^T23#i(DGln > 24# g (DPro*5 .OT 
27# g (DIle^te(DT^/^^gm$nfcFR3^W-f-5S^ nl^lg^'a-tP^, 
(s) IB^J#^:14^fBgc»r^y^SE^J^fcV^T10#B(DLys^fiii(Dr^y^^gm 
$ tt/cFR4^r^fi-5S^ bI^^BJ^^ if fell* , 

(t) @E^JS-^:10^fEftCOTS:/^IB?lJ^^V^T5#S(DSer^f&^>T^/^l^^$ 
(u) BE?lJ#-i-: 10l^|BttcOT5:/^IE^J^*5V^T3§ g <DG\n$o£U5^t g <7>Ser^fft 
(v) |B^IJ#^: 184^fHic»T^y^SB^J^#-f-SFR3^^-t-5M0^I«i^^£f 
(w) (e)(-taic^FRl > (f)t-aBtt<£>FR2 N (k)i^|Bft(DFR3*5j:t>Xl)^fi(u)(-fBft(DF 
(x) (m)(^faf6(DFRK (n)^fEii(DFR2, (r)^fB^(DFR3*5j:t) ? (s)^HB^(DFR4^ 

(y) (w)^fa*c<DSg^^ij^ isXXfi, (x)^fa«c<D^ig"ST^«^tf^L#: 0 
[4] KT©(a)~(l)l ^^^-faic<Dfe ! LlL-6l/-fe^--^#: ; 

^CDRl^^-T5m0^T^«^^^'f*, 

(b) IB^IJS^-: 2^fB^r^y^iH^IJ{-*5V^9# g (DThr^ftjKDT^y^^em^ 

^CDR2^W-r5M0^x^^^'a£fijLf*, 
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(d) IB^J#-^:2^|EftC0T3:/^IB^i^*5V^T9# g (DThr*3j;U«16# g (DSer^-ftji 

(e) IE^IJ#-^:4{cl|a4fe<Dr?/^BH^J(cl*3V^-ri# g <DArg^te<£>T^/^g^$ 

(g) SE^IJ^-^- : 5^fEic^T5;/^IE^J^*5V ^T4# g <£>Arg;&Sftfe<DT^/^{<:gi&£ 

(h) IB^IJ#-^: 5i£fB<fe<©r^/8fcBB^Jfc*5V>T2# g (DThr:|oJ;lM# g (DArg^fft 
(0 IB^J#^:6^fStt(Dr^yM^J}-*5V^T5#g(7)Thr^(DT^/^^mm$ 
(j) (a)(-|EftC0CDRU (d)(c:|B4fe<DCDR2*5«ttJ«BB^iJ#-^:3(cl|B*fe^>r^y^BE^J^: 

#i-5CDR3^t?M§l^i»^i^#\ 

(k) (e)^fafc<Z)CDRU (h)^|E^COCDR2joJ:U«(i)^fBftCOCDR3^tf^^ bJ^^ 

[5] ^T<7Xa)~(f)V ^-f^^-fB*c»^IL-6U^^— ; 

(a) @B^IJ#-^: irfS^(DT^/^IB^I^*5V^Tl# g (DSer^fricDT^/^IE?IJi-g 
m^fL/^CDRU iE^J#-^:2^faft<Dr5/^gB^IJ^*5V^T9#B(DThr*5j;tJ«16# 
g (DSer^ftb I or^/^^g^$^CDR2 > £5 £t>WJ#^§- : 3{<lfE*&<£>T^/^IE 

(b) |B^lJ#^:4^f2*t<DT^/^IB^-:&l^Tl# g <£>Arg#Sf&<£>r^/Ifcfcgife£ 
nf'CDRU IB^IJ^-^: 5^fBttCOT5:/^IEM^*5V^T2S g (DThr*5 «tt^4# g <D 



Translation for WO 2009/041621 
WO 2009/041621 148 PCT/JP2008/067499 

[8] 20mM Histidine-HCl, 150mM NaCl, pH6.5~7.0(D|g#T^T^^#^jt^ s 100mg/m 

[9] m^M6—8(Di^irth^cmm^i^i^t^mMm^o 
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